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From this new RapieR 1520 Mobile Crane you profit in so many 
income-boosting ways... you profit from its phenomenal duty- 
capacity, from its extreme manoeuvrability even in really tight 
corners, from its perfect see-everything cabin vision, from its easy- 
maintain design, above all from the massive year-in year-out relia- 
bility that Ransomes and Rapier build into everything they make. 
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Whatever your dredging 

problems may be, 
with one of our machines 
you will finish the job ! 


ae BUCKET DREDGERS—MODEL BV. 


The Model BV is suitable for dealing with almost any kind of soil. The 
dredgings can be discharged to either side, or if required to both sides 
simultaneously through long or short chutes. 

The buckets which are of special design have a special discharge rim 
fitted to the inside which facilitates the discharge. 


* BUCKET DREDGERS WITH DISCHARGE PUMP—MODEL BP. 


A BP is also a bucket dredger, but equipped with a discharge pump. The 
pump forces the dredged mixture through floating and fixed pipe line 
to the dumping point. 

BP's are eminently suitable for jobs necessitating the dredging of widely 
divergent types of soil and for spanning great distances of discharge. 
This type of dredger has a funnel, a grid and as far as the larger machines 
are concerned, a rotating soil cutter. 

Fairly low and modern superstructure. 
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K SUCTION DREDGERS—MODEL ZP. 


A ZP suction dredger can only be economically exploited for the dredging 
of sand. 

Sand which might otherwise not be suitable for being dredged by suction 
dredger can still be dealt with if a high-pressure force pump is installed. In 
such cases the dredger also proves less sensitive to sand with some 
admixture of clay or loam. The mixture of soil is sucked up and forced 
by the dredge pump through pipe line to the shore, or direct in barges. 
Diesel mechanical or electric drive. 


« CUTTER-SUCTION DREDGERS—MODEL ZC. 
A ZC Cutter suction dredger is essentially the same as the ZP dredger, 
but in addition it is equipped with a cutter-installation, so suitable for 


dealing with almost any kind of soil. The shape of the cutters varies 
greatly, depending on the kind of soil to be handled. 


EVERY DREDGER 
A MASTERPIECE OF 
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Editorial Notes 


Improvements at Swansea Docks 


The principal article in this month’s issue describes the 
improvement works carried out recently at the King’s Lock which 
gives access to the extensive system of docks at Swansea. These, 
in common with the main South Wales ports of Port Talbot, Barry, 
Penarth, Cardiff and Newport became the responsibility of the 
British Transport Commission under the provisions of the Trans- 
port Act of 1947. Apart from a small dock (the South Dock) on 
the opposite side of the River Tawe, the Swansea system com- 
prises three large basins known as the Prince of Wales Dock, the 
King’s Dock and the Queen’s Dock having a combined impounded 
water area of some 220 acres and a deep water quayage of almost 
5 miles: Shipping movements have currently aggregated about 
5 million nett register tons per annum. 

Historically the traffic of the port has been based upon the 
export of Welsh coal (virtually non-existent today) and on the 
import of ores, for Swansea is the centre of the copper, spelter 
and tinplate industries, With the establishing of the oil refinery 
at Llandarcy, however, a large entrepot trade in petroleum pro- 
ducts has been developed and during the last 25 years or so the 
Queen’s Dock has been alienated to the servicing of this traffic. 
It is with the object of, better maintaining the constant high water 
level demanded by deep-draught tankers over the whole enclosed 
area that new impounding pumps have now been installed. At 
the same time, in order to expedite vessel movements through 
the single large access lock (and Swansea in common with the 
other South Wales ports has an embarrassingly large tidal range) 
a new lead-in jetty has been constructed where vessels, principally 
small coasting tankers, can be marshalled in readiness for locking- 
in. 

Both these works are well conceived and executed and are of 
considerable technical interest. The account now given does 
portray, however, in their most acute form, the great difficulties 
which the older dock systems of the United Kingdom now have 
to contend with as a result of the changing requirements and 
pattern of trade. Indeed, even while the new works at Swansea 
were in progress, the British Petroleum Company’s supertanker 
terminal at Milford Haven was brought into service and hence- 
forth, it would seem, the main feedstock of crude oil for the 
‘landarcy refinery will be pumped overland by pipeline. Thus 
tanker movements at the Queen’s Dock will be reduced just at the 
ime when plans have been laid to accommodate more traffic. 

There is of course a considerable incompatibility between the 
equirements of widely spread general trading which can be served 
xy common-user wharfinger facilities and those of the newer 

oncentrations of heavy industry—principally iron and steel and 
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petroleum—which rely on large-scale bulk imports of raw material 
best carried in vessels of abnormal size, the profitability of which 
(to the shipowner) is largely dependent on their being few in 
number. The six major South Wales ports cover an area no more 
than 70 miles from end to end. They were built up and developed 
with the primary purpose of exporting Welsh coal and at their 
peak they dealt with some 40 million tons a year. It might be 
supposed that the capital invested in them has largely been 
written down in book-keeping terms but the physical asset re- 
mains—if it can be put to profitable use. The basic facilities are 
still perfectly adequate for the needs of vessels engaged in general 
overseas trade, either present or future, but no trade, bulk or 
general, can be looked to which would move in the same volume 
as the coal of former years. In the meantime the expense of 
maintaining the structure and keeping open the sea channels 
goes on and, without the trade to sustain it, the competitive 
position grows steadily worse. 

Taken as a whole the nation possesses a superabundance of 
wharfinger facilities: the South Wales predicament provides an 
acute example of this. Wharfinger facilities represent large 
investments the proper return on which requires the handling of 
substantial tonnages and it is axiomatic that the more numerous 
the facilities available to handle a given traffic the scanter the 
portion each may enjoy. It was in order to eliminate the destruc- 
tive competition engendered by unregulated laissez faire over the 
provision of essential wharfinger services that the statutory port 
trusts were first instituted, but the broader duty of discouraging 
destructive competition between port and port and substituting 
for it co-operation has not hitherto been adequately recognised. 
The need for some surveillance of this kind was never more 
necessary than today, but the way to concentrate into viable units 
resources which have become too widely scattered and frag- 
mented will be hard indeed. 


Flowing Water 


It is the object of this Journal to provide news and information 
likely to be of interest to all those concerned with the control 
and management of docks, harbours, rivers and canals and to that 
end we try to give a proper share of our space to every aspect 
of the problems involved in the operation of a modern port and 
its ancillary services. 

In engineering subjects there is also an internal balance to be 
struck between descriptions of improved methods and equipment 
for day to day operations and accounts of any recent advances 
in the sciences underlying engineering that may affect engineering 
practice in the future. 
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Such a case is Hydraulics; a subject of consequence to all 
readers of this Journal, directly or indirectly. It is well known, 
for example, that the effect of boundary friction on flowing water 
has been much studied during recent years and extended well 
beyond the more simple conceptions taught thirty years ago, But 
it is not always easy to tell with confidence how far the resulting 
new methods of calculation are more reliable or accurate than the 
old, nor in what circumstances they may bring worthwhile im- 
provements in design, rather than refinements which are of 
importance only on rare occasions. 

We hope, therefore, that the article in this issue by Mr. R. B. 
Thorn may be of service to a number of our readers. He traces 
the development of theories of the flow of water in rough-walled 
conduits, describes the improvements achieved by gradually 
defining and constricting the influences left to empirical constants 
and goes on to show the precision of calculation that is available 
if required. It is science merging into engineering. 


Ice Control at Ports 


The completion of the St. Lawrence Seaway has brought into 
prominence once more the question of keeping waterways free 
of ice. A prolongation of the navigable season by even a few 
weeks would be welcome at any port liable to blockage by ice. 
This Journal has recorded discussions on the subject from various 
parts of the world but attention is now very properly concen- 
trated on this great new Seaway. 

A decade and more ago we published three articles by Mr. 
J. G. G. Kerrie of Canada on a proposal to keep a clear lane for 
traffic along the St. Lawrence by using the immense amount of 
heat contained in the deeper waters of Lake Ontario. In winter 
these are a few degress warmer than at the surface. During the 
late autumn the warmer water alone would be fed into the St. 
Lawrence at a controlled rate to keep the surface water of the 
river slightly above freezing point for as long as possible. This 
proposal was based on a preliminary study hampered by lack of 
data about temperature gradients in the lake at different times of 
the year and the probable effects of mixing the layers of water in 
the river. The articles contained a plea for further study of these 
matters. 

Since then much scientific work has been done in different 
parts of the world to throw light on the relative movements of 
layers of fresh water at different temperatures. On the engineer- 
ing side there are now several examples of the associated opera- 
tion of injecting air into the lower layers of waterways so that 
the lower and warmer layers rise and mix with the colder sur- 
face water. Unfortunately no collected account of either of 
these two aspects of the work seems to have been published. Mr. 
G. P. Williams, Research Officer of the Division of Building 
Research of the National Research Council of Canada has now 
filled this gap by publishing an article in the Journal of the 
Engineering Institute of Canada primarily intended for practising 
civil engineers and we are happy to reproduce it in this issue. 

Mr. Williams draws attention to the fortunate fact that over a 
range of several degrees above freezing point there is very little 
change in the specific gravity of fresh water on each side of the 
point of maximum density. Not much energy therefore is 
required in winter to bring up some of the heavier but warmer 
water from the lower layers to mix with the lighter but colder 
water near the surface. He shows that other water movements 
have to be taken into account in estimating the heat transfers 
set up by artificial mixing in this way and he indicates some of 
the complexities. On the practical side he has gathered together 
some helpful information about air injection systems already at 
work in Canada and Scandinavia and he provides a very full 
bibliography of recent work on the scientific and engineering 
aspects of the subject. 
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Editorial Notes—continued 


Civil Engineering Research 

The formation of a Civil Engineering Research Council w s 
recently announced by the Institution of Civil Engineers, t e 
Federation of Civil Engineering Contractors and the Associati. n 
of Consulting Engineers, and a joint appeal has been launch d 
for financial support. 

In a Memorandum published to coincide with the announce- 
ment, attention is called to the need for research. The part 
played by science in modern industry needs no emphasis and 
Civil Engineering is no exception, It contributes to every kiid 
of industrial development including factory construction, fuel 
and power, transport and other essential services, all of which 
are the basis of Britain’s effort to increase total output and, 
especially, exports. 

The Institution of Civil Engineers—the world’s oldest forum 
for discussion of engineering problems—has continually fostered 
research and, in 1935, established a Research Committee and set 
aside a considerable sum towards the cost of research. This was 
a small percentage of actual expenditure, the balance being made 
up by contributions from other bodies, particularly the D.S.LR. 

When the Research Committee resumed its work after the war 
it was evident that its finances were inadequate in view of in- 
creased costs. It was decided, however, that it could still do 
useful work by acting as liaison between research and engineering 
practice and by appointing special committees to investigate 
selected subjects. Thus it was able to publish a series of reports, 
collating present knowledge and indicating the lines which further 
research should follow. Some forty subjects were dealt with. 
Outstanding work was done on the deterioration of structures 
exposed to sea water, including investigations at ports in many 
countries. Other subjects included regulations for work under 
compressed air; rainfall, run-off and floods; and pile driving. 

By 1958 it became clear that the work of the Research Commit- 
tee was seriously restricted by the limitation of funds. There 
were certain researches of immediate importance to civil engineer- 
ing which the D.S.I.R. had found it impossible to undertake and 
which, for lack of finance, could not be assigned to a university. 
The Institution therefore initiated discussions with the Federa- 
tion of Civil Engineering Contractors and the Association of 
Consulting Engineers with a view to setting up a body which 
would not only co-ordinate research but would also provide 
adequate funds. The need for such a body was emphasised by 
the Advisory Council on Scientific Policy in its annual report for 
1959-60 to Lord Hailsham. This report drew attention to a 
serious deficiency over the whole field of civil engineering 
research, and emphasised that there were important research 
projects which could only be undertaken nationally in the national 
interest. 

The Research Council will receive and consider proposals re- 
garding subjects for research; select those with the strongest 
claim for immediate attention; ascertain which research estab- 
lishments are able and willing to undertake the work; allocate 
funds, and provide the requisite co-ordination. An expert sub- 
committee will be set up for each project, defining the terms of 
reference, supervising the research work and preparing the 
reports. 

Among the subjects at present under consideration are: (1) 
Behaviour of structures under service conditions; (2) Composite 
construction; (3) Fatigue of engineering structures; (4) Mining 
subsidence; (5) Piled foundations; (6) Durability of prestressed 
concrete in sea water; (7) Floods in the British Isles; (8) 
Hydraulics of sewerage and sewage disposal; (9) Design of arch 
dams; (10) Ultimate load design of concrete structures; (11) 
Accelerated testing of concrete; (12) Vibration of concrete. The 
total cost of these investigations will probably be of the order 
of £250,000. 
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Introduction 

Within recent years a number of interesting works have been 
undertaken at the Swansea Docks which are controlled by the 
British Transport Docks Division of the British Transport Com- 
mission. One of these works was described in a recent issue of 
this Journal* and covered the rehabilitation of the West wall of 
the Prince of Wales Wet Dock. Some major works have just 
been completed at the Entrance to Swansea Docks which are the 
subject of this article but before proceeding to describe them in 
detail, it is proposed to give the reader a brief note on the history 
of the Docks of Swansea which was given more fully in the June 
1957 issue of this Journal. 

The development of the ports in South 
Wales resulted from the discovery of iron 
ore in the valleys and also from the coal 
which is found throughout the area. Some 
of the early steelworks were at Dowlais 
where smelting of the local ore was done by 
using charcoal which later gave way to the 
use of coal. This industry grew; so also did 
the smelting of copper, lead and tin, the ores 
of which were imported in large quantities 
through Swansea for works in and near that 
town; in fact by the end of the 18th century 
the copper works at Swansea were supplying 
a large proportion of all the copper produced 
in Great Britain. The two industries or 
trades, one the smelting of foreign ores by 
local coal and the second the export of coal, 
both required port facilities on the South 
Wales coast; some of «these ports were built 
by public bodies and some were built by 
promoters who also built railway lines con- 
necting individual ports to the coal fields. 

Swansea Harbour was developed by Act 
of Parliament in 1791, authorizing the for- 
mation of the Swansea Harbour Trustees but 
little harbour development took place until 
the construction of the North Dock, which 
was opened some 60 years later, although 
work on the wharves on the River and in 


carried out prior to this. 

The South Dock established on the West Side of the River Tawe 
was opened in 1859 to be followed by a large group of docks on 
the East side of the river; these were the Prince of Wales Dock 
with a water area of 28 acres with a separate lock opened in 1881, 
the King’s Dock 70 acres and Queen’s Dock 104 acres with a new 
ock known as the King’s Dock Lock opened in 1909. The 
nternal development of King’s Dock was virtually completed in 
1909 but that of Queen’s Dock was not undertaken until the 
1920’s when the Anglo Persian Oil Company, now the British 
Petroleum Company, decided to establish a refinery near Skewen 





*Repairs to West Wharf, Prince of Wales Dock, Swansea. Vol. XLI, 
December 1960. 
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and Queen’s Dock was developed as a dock for the unloading of 
oil tankers. 

The dock’s system, as existing in 1920, had two lock entrances 
but in 1924 it was found that repairs were required to the lock 
serving the Prince of Wales Dock and that it was necessary to 
install impounding pumps because of the large water area of the 
docks which was now about 220 acres. The Great Western 
Railway Company in which the docks had been vested in 1923, 
decided to install impounding pumps within the old lock and 
therefore closed it to shipping so that all ships now using the main 
dock system have to rely upon one lock, the King’s Dock Lock, 
which is 870 ft. long by 90 ft. wide with depths of water over the 





Photo by Terence Soames 


: : Fig. 1. Aerial view of ship leavi Kings Lock ; f small ships ; > New Lead- 
the Harbour had, from time to time, been sg seed ip leaving Kings Lock and of small ships at the New Lead-In 


The new Pumping Station can be seen on the left. 


cill of 40 ft. mean springs and 32} ft. mean neaps. 

The approach to the Lock is protected by two long piers or 
breakwaters extending to the one fathom mark and within the 
breakwaters and just outside of the lock there is a swinging area. 
These features can be seen from the Aerial Photograph and Site 
Plan; also the new Lead-In Jetty to the Lock. 

The trade of the port was, for many years virtually one of bulk 
cargoes, the import of ores and the export of coal, with a small 
general cargo trade, but in the 1920’s Queen’s Dock brought into 
being a third bulk cargo—namely oil which is handled at five 
berths for ocean going tankers and at smaller berths for coastal 
tankers. The traditional export coal trade of the King’s and the 
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Swansea Docks Entrance Works —continued 


Prince of Wales’s Docks has decreased and parts of these docks 
are now being redeveloped to handle other types of bulk cargoes 
as imports as well as general cargo for export. 

The British Transport Commission became responsible for these 
Docks in 1947 shortly after a period of War when maintenance 
and improvements had been restricted in scope and at a time when 
the coal trade was falling. They were faced therefore with not 
only arrears of maintenance but a change in the pattern of trade; 
the latter bringing with it a greater number of ships, mainly 
tankers, having draughts which were close to the maximum accept- 
able in the Docks. This, in turn, necessitated a constant high 
level for the impounded water level of the Docks which was 
achieved by letting water into the Docks at High Water Spring 
Tides and by the Pumps built in the old Prince of Wales Lock 
in the 1920’s. The British Transport Commission, when planning 
schemes for the development and improvement of the South Wales 
Ports, gave consideration to the provision of additional pumping 
plant at Swansea to help in the maintenance of the Dock water 
level. They also investigated improvements which might be put 
in hand to speed up the operation at King’s Dock Lock and 
various schemes were prepared for these proposed improvements 
by the Civil Engineers to the South Wales Docks. 


New Lay-by Jetty 
Of the improvements, that of handling ships at King’s Dock 






ZPUMPING STATION 





Lock will! be described first. It had been the practice for ships 5 
lie at anchor in Swansea Bay, a ship being called into the lo 
after an outward bound ship had cleared the lock and had pass 
the end of the breakwaters; if there was no outward traffic, th 
large ships approached the lock singly but a pilot had to reach t! 
lock when the gates were open and enter immediately; this mea 
that if there were a large number of inward and outward mov. - 
ments to be made on any one tide some ships might have to wa 
until the next tide, and the fact that the gates had to be ope 
ready for a ship meant that Pilots had to allow a reasonable time 
between each movement so that a ship did not arrive at the lock 
too soon. The Commission therefore decided to build a new 
lay-by jetty so that a more rapid sequence of movements, as seen 
from the plan and also the aerial photograph, could be established 

This new jetty was to replace an old timber lead-in jetty, 500 
feet long which was built in 1909 at the same time as the Lock: 
this jetty had ceased to be used for docking purposes and had 
become an oil bunkering jetty. The first thing, therefore, was to 
demolish it. The Jetty had main bents at 12 ft. centres, and from 
Figure 2 (d), it will be seen that each bent comprised three or four 
king piles between 60 and 70 ft. long braced above low water 
mark. Downwards, on the seaward face, there was a continuous 
line of tongued and grooved timber sheeters, the space between 
these sheeters and a mud bank having been filled with rubble 
which gave stability to the jetty and also acted as a “ retaining 
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Fig. 2. Layout and typical sections of 
New Jetty and Western Roundhead. 
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Fig. 3 (left). Lead-in 

| Jetty under construc- 
tion. Pile driving and 
concrete work can be 














wall” to the mud slope at the back of the jetty. The demolition 
of this jetty formed Contract No. | of the 1956 Improvements 
Programme and was undertaken by Davies, Middleton & Davies 
of Cardiff in 1956/57. The Contractor’s method was to make use of 
one of the Commission’s 50 ton floating cranes for the extraction of 
the piles but it was found that it could not directly withdraw all 
the king piles until preliminary loosening of the ground and rubble, 
by means of explosive charges placed in the centre of each group 
of four king piles, had been undertaken. Thereafter the Con- 


Fig. 4 (right). Close- 
up of Rubber Blocks 


Fig. 5 (below). Longi- 
tudinal 

through 
Pumping Station and 


seen. 


on Lead-In Jetty. 
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tractor “ loosened ” a number of piles and used the crane for one tints - vortes Bote 
or two days on suitable tides to withdraw the loosened piles. ee ; , pon» ga 

The new jetty is 976 ft. 9 in. long and is at an angle of 24° to FPF EEG 
the line of the lock and, from the plan, figure 2 (a), it will be PAAPING STATION LONGITUDINAL, SECTION 


noted that it cuts across the line of the old jetty. Work started 
on the new jetty once the old one had been demolished. The main 
structure, consisting of a reinforced concrete slab 23 ft. wide, is 
carried on Rendhex No. 4 steel box piles 60 to 80 feet long which 
are arranged so that each length of 20 feet of jetty has two vertical 
and four raking piles. The main slab which is at a level near 
High Water Spring tides carries a superstructure of pre-cast re- 
inforced concrete portal frames at 10 ft. centres upon which there 
are pre-cast pre-stressed concrete slabs giving a deck 20 ft. wide. 

In order that small coastal tankers and small ships could lie 
alongside the jetty at all states of the tide and so be able to take 
advantage of the first locking to enter the King’s Dock and also 
to be clear of the lock before the larger ships arrive, some form 
of fendering over the tidal range of 28 ft. was necessary. This 
requirement was met by having, in front of the main structure, an 
independently framed fendering system consisting of twin 14 in. x 
14 in. greenheart fendering piles at 10 ft. centres connected by 
12 in. x 12 in. greenheart walings spaced at intervals over the 
tidal range. The head of the fendering is cushioned from the jetty 
by large circular rubber blocks 21 in. in diameter and 2 ft. 4 ins. 
long suspended on galvanised steel chains. Ships will therefore 
push the fendering inwards towards the jetty and at the same time 
compress a number of rubber blocks, whilst blows from larger 
ships, which come alongside the jetty at or near high water mark, 
will make contact with the fendering very close to rubber blocks; 
the cross section, figure 2 (c), and photograph Fig. 4 show these 
details and the aerial photograph (Fig. 1) shows a number of small 
ships at the new jetty waiting for a cargo ship to clear the lock 
before making their entry. 

Bollards have been placed at 60 ft. centres for the mooring and 
warping of ships and as the lock is used on day and night tides, 
lighting columns have been provided at 60 ft. centres with sodium 
lights of 60 watts capacity; these are on two circuits so that 
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alternate lights can be switched on or off. It is also to be noted 
that cathodic protection has been installed on the jetty. 

The construction of the jetty, Contract No. 2, was undertaken 
by Messrs. J. L. Kier & Company, London, who adopted an end 
over end method for driving the steel piles. They made use of a 
Menck pile frame type 40 and their piling proceeded well ahead of 
the concrete work, as can be seen from the photograph (Fig. 3) 
which also shows the principal stages of construction. Having 
built the main deck, the Contractor drove the fender piles and 
placed the pre-cast frames and pre-cast concrete slabs to form the 
superstructure of the jetty and constructed the fendering. The 
work commenced in September 1957 and was completed in July 
1959. The concrete was a nominal 1.14.3 mix with a specified 
minimum strength of 5500 Ibs. per sq. in. 


Swinging Area 

As part of the improvements, the area lying to the north-west of 
the Jetty and towards the River Tawe has been dredged to enable 
20,000 tons vessels to swing and return to sea should circumstances 
such as an accident to or near the lock gate render this necessary. 
This work called for an extension of the water-area and the badly 
damaged timber roundhead lying to the north-west of the lock had 
to be re-constructed and realigned and at the same time an intake 
has been constructed for a new pumping station. The dredging 
has amounted to some 40,000 cu. yds. which was undertaken by 
the Commission’s own dredgers. 


Pumping Station & Western Roundhead 

As part of the King’s Docks Works of 1909 a roundhead, 
generally of the same construction as the old Jetty which was 
demolished, was built from the end of King’s Lock in a north- 
westerly direction to and along the south side of the River Tawe. 
Part of this Western Roundhead had slipped, and in the 1920's 
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Photo by Terence Soames 


Fig. 6. View of Main Impounding Pumps in the well of the Station, 
the pumps to serve the hydraulic mains can be seen at normal floor 


level. 


this portion was reconstructed in Larssen No. V Section steel sheet 
piling. 

The new work is in front of the Larssen piling and continues 
in front of the old timber work, terminating at a short distance up 
the River Tawe. It consists of Frodingham No. IV medium 
tensile sheet piles surmounted by an “L™” shape reinforced con- 
crete relieving platform. The platform is supported on the sheet 
piling and also on vertical and raking 14 in. x 12 in. B.F.B. piles. 
A typical section of the work is given in figure 2 (b) and the extent 
of the work can be clearly seen in the centre of the photograph 
(Fig. 1). 

Small ships awaiting their turn to enter the lock sometimes lie 
alongside the roundhead as well as at the new Lead-In Jetiy and 
so timber fendering, generally of the same pattern as that at the 
Jetty and having 14 in. x 14 in. greenheart piles, was built in 
front of the steel sheet piling; in order that the fendering could 
have a little flexibility a number of 12 in. x 12 in. square rubber 
buffers were placed behind the fendering at coping level. In 
certain circumstances it is possible for a ship to bear against the 














western roundhead when making the lock entrance in which cas 
it would press against the new fendering and the rubber block 
will allow a 6 in. movement of the fendering towards the stee 
sheet piling. The alignment of new works was chosen with thi 
in mind. The new roundhead incorporates an intake to the ney 
pumping station. 

The second major item of the Improvement Scheme is a ney 
Pumping Station having two impounding pumps each of 103,00( 
gallons per minute (275 cu. secs.) together with associated switch 
gear and penstocks. The Pumping Station also houses two hig! 
pressure hydraulic pumps to which reference is made later. 

Reference to figure 5 will give the reader a good idea of the 
pumping station, the impounding pumps being set at a low leve 
so that they are submerged and a pumping period of three hours 
either side of high water, can be obtained. Each pump has its 
own intake and discharge syphon and culvert, with the two culverts 
forming one concrete structure. The delivery culverts are parallel 
to the lock and discharge into the King’s Dock beneath a new 
wharf which has been constructed on the line of the old one. 

The Impounding Pumps operate on a maximum static head of 
16.8 ft. on spring tides and 10.75 ft. on a neap tide; at high water 
spring tides the head is almost zero. They are of the vertical 
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Fig. 8. 


Volute Shuttering set up from the pump casing. 


mixed flow volute type driven by 6.6 Kv. squirrel cage induction 
motors of 725 b.h.p. running at 730 r.p.m. through single reduction 
helical gear boxes to the pump speed of 140 r.p.m. The motors 
are in a well in the station and can be seen in figure 6. The 
Mechanical and Electrical work was undertaken to the designs and 
specification of Mr. E. R. Radway, M.I.Mech.E., M.I.E.E., the 
Mechanical and Electrical Engineer, South Wales Docks, and the 
main contractor for this work was Sulzer Bros. who supplied and 
erected the pumps with Brush Electric as their sub-contractors. 
Each pump has a separate suction entry which can be closed by 
two greenheart paddles, 8 ft. square, the large intakg area of about 
130 square feet for each pump resulting in a low intake velocity. 
On the discharge side there are no penstocks but a volute and a 
syphon have been cast in concrete, the syphon having a breaking 
valve which comes into use when a pump stops running—each 
valve can also be hand operated. However, in case this should 
fail the greenheart paddles at the intakes can be closed in an 
emergency. The paddles bear on granite seatings so that they 
could cater for a “ head” from either side, when repair work was 
in hand or in an emergency should the syphon not break. Water 
after leaving the pump passes over the syphon into a surge 
chamber and then through one of two culverts, constructed as twin 
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Swansea Docks Entrance Works 





The moving shutter 
for one cuivert has just been moved forward. 


Fig. 9. Twin Box culverts under construction. 


culverts, 1200 ft. long to be discharged into King’s Dock at ‘A’ 
Shed Jetty. The culvert invert is about 20 ft. below ground level 
except where it discharges into the dock; at this spot it falls slightly 
and widens so that the discharge velocity is comparatively low. 

The Pumping Station foundations are of reinforced concrete 
founded 36 ft. below ground level. Construction was carried out 
within a temporary cofferdam, and a view of the works and part 
of the volutes can be seen in figures 7 and 8. The construction of 
the volutes and syphon involved some very careful form work. 
That part of the station which houses the High Pressure Pumps is 
founded on piles, the equipment being at normal floor level. 

The culverts are in the form of a twin box section, each culvert 
being 8 feet square. The methods adopted by the Contractor for 
the construction of the work, are well illustrated by the Photo- 
graph (Fig. 9), the work being in sections of 45 ft. long; a moving 
shutter adopted by the Contractor afforded a good sequence of 
operations on this section of the work. 

At the point of discharge into the dock there was an old timber 


New Sea Wall at Birchington 


A new sea wall is to be constructed along parts of the coast- 
line at Birchington, near Margate. It will be built at a cost 
of £155,000 and will comprise a 1,200-ft. length from Grenham 
Bay to Beresford Gap and a 1,600-ft. stretch from Minnis Bay 
to Grenham Bay. 

Since the war the Borough of Margate have built five stretches 
of sea wall along their nine mile coastline and the new wall 
will see the completion of their present sea defence programme. 
Work on the new project is under the direction of the Borough 
Engineer and Surveyor, Mr. G. E. Sewell, A.M.LC.E., 
M.I.Mun.E., A.M.T.P.I., and is to be completed in two years. 

This part of the Kent Coast has suffered from many severe 
torms in the past and in 1953 parts of the cliff were eroded 
o an extent of between 15 and 20-ft., although Margate’s exist- 
ng sea walls were not affected. 

Most of the coastline in the area faces north and consists 
f a series of shallow sandy bays divided by chalk reefs. The 
liffs behind are of chalk and are subject to sea erosion at the 
ase. At Birchington long narrow caves have formed along 
he inclined fracture planes up to 100-ft. into the cliff face. 

The new contract involves the construction of a curved-face 
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continued 


wharf running from the lock to the Western Berth of King’s Dock. 
This wharf was of the same general construction as the old jetty 
which was demolished and which had been used by tugs and small 
craft, the type of construction having been chosen by the designers 
of the works in 1909 so that it could be demolished fairly easily 
should a second entrance lock be constructed. In the event it was 
demolished to make way for the discharge culverts and it was 
replaced by a steel piled wharf, with concrete beams and timber 
deck. The last item was in the form of 12 in. x 6 in. greenheart 
made into mats which are removable, so facilitating maintenance 
of the beams and maintenance of the ends of the discharge culverts. 

The description of the scheme would not be complete without 
reference to the additional pumps which were installed in the 
Pumping Station. As originally designed the Pumping Station 
was to house the two impounding pumps and associated equip- 
ment but during progress of the work it was decided to extend the 
Pumping Station and to install in the extension two modern 
electrically driven three throw ram pumps each of capacity 100 
g.p.m. at 800 p.s.i. 

By doing this it was possible to isolate that section of the 
hydraulic mains which serve King’s Lock from the remainder of 
the dock’s hydraulic system; in effect therefore these pumps work 
a small separate hydraulic system for the King’s Lock. This is 
part of a policy adopted by the British Transport Commission who 
had found that the number of hydraulic appliances within the 
whole dock system was decreasing and also new cranes now being 
installed are electrically driven, with the result that electricity is 
replacing hydraulic power and many miles of hydraulic main, due 
for renewal, are not being replaced and only two or three small 
lengths of hydraulic mains will ultimately remain in the Dock 
system. 

The Pumping Station superstructure is of brick with glass bricks 
for lighting and precast concrete roof slabs. The general dimen- 
sions were chosen to provide ample space and facilities for 
maintenance and to allow the operator a clear view of all items 
of plant. The Contractor for the Pumping Station, Roundhead 
and Culverts was Richard Costain Ltd. 

The whole of the Improvement works were under the general 
direction of Lt. Col. R. H. Edwards, E.R.D., M.L.C.E., the Civil 
Engineer, South Wales Docks; Rendel, Palmer & Tritton being 
the Consulting Engineers for all the civil engineering work in- 
volved. The approximate cost of the whole scheme was £1,250,000 


Sea wall (designed to reduce the force of the waves and turn 
them back) a 20-ft. width of concrete promenade, which is 8-in. 
thick, and a 5-ft. high precast concrete block wave-wall to the 
rear, which is set against the new bottom face of the cliffs. 
Groynes formed of concrete blocks are also to be constructed 
at intervals along the walls. 

Since the wall line cannot follow the extremely irregular cliff 
face line, it will cut through the more prominent headlands and 
the excavated chalk will be used as filling under and behind the 
promenade. 

The wall will be built of curved-face precast concrete blocks 
with an in-situ concrete backing, surmounted by a bull-nose 
coping, and a sloping apron toe which may be extended in the 
future in the case of foreshore erosion. Four different block 
shapes will be used, two being reversible to form the radial 
section of the face. 

The use of precast materials has proved of great advantage in 
sea defence work since it enables speedy erection between tides. 

Excavation of the headlands will be carried out with a face 
shovel as the use of blasting would result in a loss of chalk 
which is needed as filling material. 

The contractors for the work 
Cubitts Ltd., London, S.W.1. 


Holland & Hannen and 
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New Vessel for Lake Victoria 
Improved Service in East Africa 


The East African Railways and Harbours have in recent years 
steadily developed and expanded the transport facilities of the 
East African territories to meet the needs of a rapidly develop- 
ing economy. Included in the overall plan was provision for 
improved passenger facilities in the steamship services operated 
by the railway on Lake Victoria, and late in 1949 marine con- 
sultants in the United Kingdom were invited to design a modern 
steamer primarily for the carriage of passengers on this lake. 
Changes in circumstances necessitated the amendment of the 
original plans, but in 1956 a final design submitted by the Naval 
Architects, Sir J. H. Biles and Company, was approved and ten- 
ders were invited from United Kingdom and Continental ship 
builders for the construction of the vessel. The contract was 
awarded to Messrs. Yarrow & Company of Glasgow at a total 
cost, completed in East Africa, of £686,000. The cost of the 
vessel included bolt-assembly at the builders’ yard, dismantling 
into sections suitable for shipment to East Africa and final 
erection at Kisumu. 

The keel of the new ship was laid down in Messrs. Yarrow’s 
yard, Glasgow, in June, 1958, and the main structure of the 
ship, bolt-assembled, was completed in June, 1959. Dismantling 
of the component farts for shipment to East Africa was begun 
immediately and by December 1959, sufficient of the steel work 
had reached Kisumu to enable the keel to be laid. From then 
onwards the re-erection of the vessel advanced rapidly, the work 
being under the general supervision of the Senior Marine Engineer 
of the East African Railways and Harbours assisted by a small 
number of skilled staff provided by the builders. [Early in 
September 1960, construction had reached the main deck and 
the vessel was successfully launched and moved to the drydock 
at Kisumu for completion and fitting out. 

The new ship—the R.M.S. “ Victoria”—is the largest bolt- 
assembled vessel ever to be built in one country for re-erection in 
another. She is also the largest ship ever built for service on 
Lake Victoria and the slipway at Kisumu could only just accom- 
modate her, so that her weight at the time of launching had to 
be kept to a minimum. In ship-building yards in the United 
Kingdom and other countries ships are usually launched with 
the upper works completed and frequently with machinery 
installed, but in the case of the “Victoria” only the main hull 
plating up to the main deck could be completed before launching. 
Once the vessel was afloat, work began on the installation of the 
machinery and electrical equipment, coincidentally with the re- 
erection of the upper-works, and by mid-1960 it was possible 
to make a start on the installation of the refrigeration equipment 
and the fitting out of the passenger accommodation. 

Late in May, 1961, sufficient progress had been made to allow 
preliminary basin trials to begin and on 9th June the ship left 
the drydock to start trials under power on the open lake. These 
were carried out on 15th/16th June, 1961, and the ship was 
officially accepted by the East African Railways and Harbours 
from the builders on Ist July. 

The R.M.S. “Victoria” has been specially designed for the 
carriage of passengers in tropical conditions. She has a loaded 
displacement of 1,500 tons, is 261-ft. long with a beam of 40-ft. 
and is so designed that her maximum draft when fully loaded 
will not exceed 9-ft. Her service speed of 13} knots will enable 
her to make two voyages round Lake Victoria in a week, thereby 
providing a fast service between the major ports on Lake Victoria 
at a frequency similar to that offered by the two existing steamers 
s.s. “Usoga” and “Rusinga”, 
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Cabin and lounge accommodation and deck space are provide | 
for all classes of passengers and to ensure the comfort of passe 
gers and crew all accommodation is ventilated by the Thermotan < 
system. The First Class passengers are accommodated in 18 tw 

erth cabins equipped with modern furnishings; there is also 
spacious lounge bar and a dining saloon to seat 36 passenge: 
A fully equipped electric galley situated on the main deck serves 
the pantry adjoining the dining saloon. Second Class passenge:s 
are accommodated in 11 six-berth cabins and a separate cafeteri., 
equipped with all modern appliances has been provided for the 
exclusive use. The 500 Third Class passengers are accommo- 
dated in two lounges equipped with upholstered seating. A tea 
bar serves hot and cold drinks and snacks and is convenient 
situated to serve both the upper lounge and open decks. 

Although the new ship is designed primarily for passengers, 
frovision has also been made for the carriage of some 5,000-cu-ft. 
of refrigerated cargo. For many years there has been an urgent 
need to provide proper facilities for the transport of milk, meat 
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The main structure of the R.M.S. “Victoria” bolt-assembled at 
Yarrow's Yard, Glasgow, prior to transhipment’ to Kisumu. 


and other perishables to the more isolated towns situated on the 
Lake Victoria littoral and, to meet public demand the new vessel 
is equipped to carry all kinds of perishable cargo at temperatures 
down to minus 5°F. 

Provision has also been made for the carriage of up to 12 
motor vehicles; these will be stowed below decks and to enable 
them to be loaded and unloaded quickly, an electric crane has 
been provided on the forward well deck. 

The ship is driven by twin Crossley 10-cylinder diesel engines 
developing 850 b.h.p. each. These engines have been specially 
adapted for service in the tropics. To provide ele&tric power for 
the many public services and for the general running of the ship, 
two 125 k.w. electric generators by Messrs. Lister Blackstone 
have been provided. 

The vessel is equipped with up to date navigational and life- 
saving equipment to British Ministry of Transport standards. 
Spacious quarters immediately below the bridge have been pro- 
vided for her Officers and the remainder of the crew are accom- 
modated in airy well equipped cabins on the main deck. A 
modern oil fired galley and spacious mess room has also been pro- 
vided for the crew. 
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Winter Water Temperatures and 


Ice Prevention by Air Bubbling’ 





By G. P. WILLIAMS, M.E.I.C. 


(Research Officer, Division of Building Research, National Research Council of Canada, Ottawa) 


Considerable interest has developed re- 
cently in Canada in the prevention of ice 
formation by the use of air bubbling 
systems. Although compressed air jets 
have been used to prevent ice formation for 
many years,’ there has been apparently no 
paper which summarises completely the in- 
formation available. This report has there- 
fore been prepared to present the essential 
technical information now available on air 
bubbling systems. It is designed primarily 
for field engineers, who are interested in the 
use of air bubbling systems but have not 
yet had an opportunity of investigating 
their application in detail. 

Air bubbling systems depend on the fact 
that sub-surface warm water can be 
brought to the surface by rising air bubbles 
and thus used to prevent surface ice forma- 
tion at specific locations. In order to plan 
an efficient air bubbling system, informa- 
tion is therefore required on the amount of 
heat available in a water mass. The amount 
of this thermal reserve can be estimated if 
water temperatures are known.  Informa- 
tion on water temperatures and the factors 
which affect them are not generally avail- 
able to Canadian engineers, so that it is a 
further purpose of this report to outline 
briefly the factors which govern water tem- 
perature, and to preSent some _ typical 
observations of water temperatures under 
winter conditions. 


Water Temperatures in Lakes 


The temperature of lake water is largely 
controlled by the process of convectional 
overturning of water from the surface to 
the bottom of the lake. The fact that fresh 
water has its maximum density at 39-2°F. 
affects the circulation and the resulting 
temperature pattern markedly. Fig. la 
shows density as a function of temperature 
for distilled water as obtained from a recent 
paper by Vallentyne.* The density differ- 
ence per degree centigrade change of tem- 
perature for water at different temperatures 
s shown in the lower part of Fig. la. 
Vallentyne stresses that in order to mix 
juids physical work must be done and, 
ther factors being constant, that the 
* Reprinted from The Engineering Journal, 

March 1961, by arrangement with the National 


Research Council and the Engineering Insti- 
tute of Canada. 
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amount of work is proportional to the den- 
sity gradient in the fluid. As an example 
he states that “Forty times as much work 
is required to mix layered water masses at 
30° and 29° as the same masses at 5° and 
4°, because the density difference is 
approximately forty times greater.” 
Vallentyne analysed the typical lake 
temperature profile shown in Fig. lb. He 
divided the temperature curve in } metre 
intervals and, from the dependence of the 
density on temperature, obtained the den- 
sity at the top and bottom of each interval. 



















temperature of Jakes is so markedly influ- 
enced by the process of convective heat 
transfer that it has been used as a basis of 
classification for fresh water lakes. Horton*® 
divided lakes into three basic types: 
(i) polar—surface temperature always 
below 39:2°F. 
(ii) temperate — surface temperature 
alternating above and below 39-2°F. 
(iii) tropical—never below 39-2°F. 
He further divided the lakes into three 
classes according to depth: the first order 
200-ft. and greater, second order 25 to 
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Fig. la. 


Density as a function of temperature and density difference per degree 


C lowering for distilled water. 
Fig. 1b. A typical summer temperature profile and associated resistance to mixing.” 


He defined one unit of relative thermal 
resistance as the resistance to mixing 
offered by a 4 metre column of water with 
a temperature of 5°C. at the top and 4°C. 
at the bottom. By calculating the density 
differences between the top and the bottom 
of the 4 metre intervals and comparing 
them with the standard, he then calculated 
for each interval the relative thermal resis- 
tance to mixing. The results of his calcula- 
tions are shown in Fig. lb. It may be seen 
that a slight increase in temperature differ- 
ence in the warm water at the surface 
results in a large increase in the resistance 


to mixing. 
Fig. 2 illustrates annual temperature 
changes in a typical deep lake. The water 


200-ft. and the third order 25-ft. and less. 
In Canada most lakes of interest can be 
classed as temperate. In this type, with a 
first order lake, there are usually two turn- 
over periods, in the spring and fall (Fig. 
2). A second order lake, of depth 25 to 
200-ft., also has two marked overturn 
periods in the fall and spring, but often 
in the summer there is complete mixing to 
the bottom, and in the winter the water on 
the bottom of the lake can cool below 
39-2°F. A third order or shallow lake will 
have complete circulation at all seasons 
except when the surface is frozen. Brewer* 
indicates that water in a shallow lake at 
Barrow, Alaska, was essentially isothermal 
at any time during the ice free period. Fig. 
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Ice Prevention by Air Bubbling—continued 


3 illustrates the convective mixing of a shal- 
low body of water during a period of cool- 
ing. These measurements made by the 
author illustrate that water remains essenti- 
ally isothermal as long as the surface tem- 
perature is above 4-0°C (39-2°F.). 

Although water in third order lakes is 
generally isothermal during the ice free 
period, there are exceptions to this rule. 
Vallentyne* reports that, for a certain lake 
in Washington State, the density difference 
between the surface and bottom water is so 
great that the wind is unable to induce com- 
plete mixing, even though the lake is only 
three metres deep. The density difference 
is caused by large amounts of dissolved 
Epsom salts. 

The importance of depth in studying the 
thermal regime of lakes cannot be over- 
emphasised. Lebedev’ states that “In the 
majority of cases the range of the lake heat 
budget is determined by the mean depth.” 
In Sweden Melin® made some temperature 
measurements on Lake Kallsj6n, which con- 
sists of three separate basins of different 
depths, connected by narrow shallow pas- 
sages. He concluded that in thermal re- 
spects each basin could be classified as a 
separate lake. The shallow basin warmed 
more rapidly in the spring and cooled more 
rapidly in the fall, and the water tem- 
perature reached higher temperatures in the 


currents. Rauson® in a study of water tem- 
peratures in Great Slave Lake indicates the 
variation in water temperatures that can be 
caused by inflow from a large river. 

It is not always appreciated that the 
winter water temperature of a lake shows 
considerable variation when observations 
are taken at the same time in different 
years. Fig. 4 shows the variation of water 
temperature with depth in Lake Kallsjén, 
Sweden, for different years. Melin'® noted 
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Fig. 2. Annual temperature cycle _ illus- 
trated for a deep lake in the temperate zone. 
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summer than in the other basins at corres- 
ponding depths. 

In a lake considerable mixing can be 
caused by wind action. Brett’ states that 
for Lakelse Lake, B.C., heavy winds tend to 
keep the greater part of the lake in circula- 
tion during the summer; and Kuenen* sug- 
gests that wind can keep an air hole open 
in a frozen lake by including a circulation 
in the water which brings warm water to 
the surface. He also suggests that in freez- 
ing weather an air hole can be made larger 
by wind circulation, as the edge of the ice 
melts when warmer water is brought to the 
surface by wind action. 

One major factor in determining water 
temperature is the heat flowing into or out 
of a specified area because of different water 
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Fig. 3. Temperature variations in shallow 
pool of water subject to cooling conditions. 
Feb. 17, 1959, Ottawa. 


that the mean winter temperature of lake 
water did not necessarily depend on the 
mean air temperature. According to his 
report the coldest water temperatures were 
observed during a comparatively warm 
winter. 

Fig. 5 illustrates the gradual water tem- 
perature changes underneath the ice cover 
of a small pond in the Ottawa area mea- 
sured by the author during 1957-58. At 
this particular site, the water at the bottom 
of the pond did not reach its maximum den- 
sity until mid-February, although it should 
be noted that in late December a mild spell 
reduced the thickness of ice cover and 


appeared to increase the water tempera ire 
appreciably. 

Fig. 6 shows some water temperat ire 
profiles under ice covers in small la es 
obtained by the author in the Ottawa a: a. 
These are more typical of conditions in { iis 
region and may be compared with water 
temperature profiles taken in several la <es 
in north Sweden by Melin.’® The lakes in 
the Ottawa area may be classed as third 
order or shallow lakes, whereas the lakes in 
Sweden may be classed as second order 
lakes. 


River Water Temperatures 


In rivers the water mass is kept at nearly 
the same temperature by mixing. Thus an 
ice cover will not start to form until the 
temperature of the whole mass of river 
water is close to 32°F, Fig. 7 shows some 
typical water temperature profiles taken by 
the author in the Ottawa area in March, 
1959. Even in Lake Temiskaming, a wide 
part of the Ottawa river where the flow 
velocities must be very low, there was suffi- 
cient mixing to prevent an appreciable tem- 
perature gradient from developing. 

It is obvious that in rivers the heat inflow 
from upstream sources must have an im- 
portant effect on the water temperatures at 
a particular site. For example, Cousineau'! 
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Fig. 4. Variations of water temperature 

with depth in the northernmost part of Lake 

Kallsjon, Sweden in March 1939 to 1945. 

Lowest water temperature observed during 

warm winter. Winter temperature of water 

in deep lakes is dependent on factors other 
than winter air temperature.!° 


states that the water temperature at a par- 
ticular section of Bersimis River never 
dropped to freezing point although this 
river is subject to fairly extreme winter 
cooling conditions. 


Sea Water Temperatures 


Although air bubbling systems have been 
used in sea water,’” careful studies must be 
made of water temperature and salinity to 
ensure that ice can be removed or melted 
by this technique. The maximum density 
of sea water does not occur at 39-2°F, and 


The Dock & Harbour Authority 





mes mn 1286 ermmecare (teri 





& 
5 @& 
a“ 


A rly 
an 
the 
ver 
me 











oie eel 


Ice Prevention by Air Bubbling—continued 


efore, convective mixing of the water 
may continue until ice forms at the surface. 
For air bubbling to be successful under 


the 


upstream movement of salt water in open 
channels is attributed to the greater density 
of salt water compared with that of fresh 
The nature of such an intrusion is 


















































these conditions, it is necessary that the water. 
water brought to the surface by the bubbles dependent upon the range of the tide and 
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Ottawa. 


should have a salinity and temperature such 
that heat can be released for melting or pre- 
venting ice formation, that is the tempera- 
ture of the salt water is higher than its 
freezing temperature. The freezing point 
of salt water decreases with increasing salt 
content. The action of wind and water 
currents is likely very important in deter- 
mining water temperature profiles at a 
specific location. Fig. 8 shows the tempera- 
ture gradient Tadashi’* found under an ice 
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Fig. 6. Typical water temperature pro- 
files under ice cover for small lakes in 
Ottawa area, March 9-11, 1959. 


cover in sea water. 

No mention has been made of the sub- 
surface flow resulting from variations in 
the amount of materials in suspension or 
herizontal variations in the amount of salt 
in sea water. The subsurface flows which 
result from these density differences are 
© en referred to as “density currents” in 
e gineering literature. For example, the 
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salinity of the sea water and the physical 
and hydraulic characteristics of the site. 
The effect of such intrusions are important 
in analysing the thermal regime at those 
sites where salt water is mixing with fresh 
water or water of different salinity. 


Design Considerations for Air Bubbling 
Systems 


In any careful study of the feasibility of 
using an air bubbling technique to prevent 
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tion under ice sheet in flowing rivers, 
Ottawa area, March 1959, (Temp. 
gradient less than 0.1°C 10 feet.) 


ice formation, a thorough field investigation 
of the thermal regime of the particular site 
in question is an absolute necessity. An 
understanding of the heat losses to be ex- 
pected from the surface and the lateral in- 
flow of heat are also usually essential. In 
Sweden™ a case was reported where an area 
50 metres by 1-5 metres was kept free of 
ice when the mean water depth was only 
one to two metres. Conversely another 


SEA WATER TEMPERATURE (°C) 
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instance was reported in the North Baltic 
where an installation in quite deep water 
was a failure because of supercooled water 
flowing into the area from a river source. 

In the case of an open body of water 
under winter conditions, there can be very 


large heat losses from the surface. Fig. 9 
compares various empirical formule '*: ** *’ 
which give estimated heat losses for 


various air-water surface temperature differ- 
ences. From these formulae it can be esti- 
mated that for a mean air-water surface 
temperature difference of 20°C. (36°F.), the 
total heat losses from an open water surface 
would be approximately 125 to 175 B.t.u. 
per sq. ft./hr. 

Once an ice cover has formed, the rate 
of heat loss will be rapidly reduced because 
of the insulating value of the ice cover. For 
example, with an ice cover of 6-in. and a 
temperature gradient through it of 1-5°F. 
in., the heat loss is approximately 22 B.t.u. / 
sq. ft./hr. If the ice cover is removed by 
air bubbling and the air-water surface tem- 
perature difference is approximately 20°C. 
(36°F.), then the heat loss would be 125 to 
175 B.t.u. per sq. ft./hr. 

If, for this example, the depth of the 
water was 20-ft. and the mean water tem- 
perature was +33°F., then the thermal 
reserve would be 1250 B.t.u./sq. ft. of open 
water area. If the rate of heat loss was 125 
B.t.u./sq. ft./hr. and no ice cover existed, 
the mass of the water would be cooled to 
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Fig. 8. Sea water temperature and salinity 
profiles at time of ice formation and under 
ice cover.'* 


32°F. within 10 hours. In the case where 
there is an ice cover and part of the ice is 
removed by air bubbling, the heat in the 
water for some distance surrounding the 
open area is available by advection for 
maintaining the water in the open area 
above 0°C. 
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Additional heat that can be supplied from 
the bottom of a lake or river is usually con- 
sidered a minor factor. Nybrant’* states 
that in latitude 50 to 60°N, the heat flow 
from the typical bottom material in October 
is approximately 1-8 B.tu./sq. ft./hr.; in 
December-January | to 1-8 B.t.u./sq. ft./hr., 
decreasing to almost negligible flow in 
April. 

To plan the spacing and depth of air holes 
in a bubble system, information is required 
on the area of influence of a single air jet, 
on the size of air hole, and on the most 
efficient quantity of air to use. Since most 
studies on air bubbling systems appear to 
have been empirical, designed to give an 
answer for a specific location, there does 
not appear to be an engineering procedure 
for obtaining this design information. A 
summary of the various applications is out- 
lined on Table I which gives the design 
values that have been reported in the litera- 
ture. Although this table does not present 
a means of determining such things as air 
hole spacing, it does list the values which 
apparently have been satisfactory for the 
specific locations listed. In addition to the 
list of studies shown in Table I, there are 
a number of other cases reported where the 
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technical information is so meagre as not 
to warrant inclusion in this table. 


Experimental Investigations 


Although most of the studies reported 
were empirical, there have been several 
experimental investigations on air bubbling 
techniques. Owen* in 1942 reported a 
detailed investigation of the flow pattern 
of various orifices studied in the develop- 
ment of an orifice to use for ice prevention 
at the Grand Coulee Dam. An orifice was 
developed which gave a balance between 
flow pattern, economy of operation, and 
non-freezing characteristics of the orifice. 

One of the few other experiments in the 
laboratory on the flow of water induced by 
a rising column of air bubbles was recently 
completed by Baines and Hamilton.** They 
concluded that because the momentum of 
the vertical jet increases with distance from 
the source, other factors being equal, air 
bubbles increase in efficiency with depth. 
They indicated that the ratio of water dis- 
charge to air discharge increases with depth, 
but decreases with increasing air discharge. 
They also concluded that, with single 
orifices of 0-02-in. size or larger, flow is 
independent of size of orifice and depends 


only on the air discharge. They repo. ted, 
finally, that further experiments might _adi- 
cate that it is possible to apply scaling aws 
and thus have reliable model tests o. air 
bubbling systems. 

Clinch, Millman, Erickson?’ attem ted 
to obtain some quantitative informatio. on 
air bubbling systems under field conditions, 
Their calculated air-water flow ratios for a 
particular site varied over a wide range, but 
this they attributed to the inadequacy of 
field observations. 

The area of influence of one air jet and 
the resulting water temperature distribution 
during air bubbling operation is a basic 
question which has not been answered satis- 
factorily. The only quantitative measure- 
ments on this problem of which the author 
is aware were made by Nybrant.** He noted 
that essentially the same water temperature 
was maintained throughout the whole body 
of water as far as 50 metres from the hose. 
He also noted that there did not seem to be 
a decrease in water temperature above the 
hose, as the mean temperature of the adja- 
cent water was about the same. These 
observations suggest that, for this one appli- 
cation, the air bubbling system obtains very 
complete mixing of water within 50 metres 























TABLE 1 
Summary of Air Bubbling Systems Reported in the Literature 
Size of Spacing of Size of Size of Depth to 
Place Hole Hole Line Compressor Bottom General 
Lake Malaren 0.75 mm 10 metres 1\% in. I.D. 1.5m3/min. at 10-15 Reference #14 
Sweden anchored at 4 atmospheres metres approx. 900 metres 
1-2 m from bottom length of area 
cleared of ice 
Riddar Bay, 0.75 mm 5-7.5 50 mm I.D. and 8m?/min. 5-20 Reference #14, 
Sweden metres 22 mm I.D. metres variable success 
Prescott, 1/32 in. 6-ft. 3/4 in. anchored air pressure 5-11 ft. Reference #19 
Ontario intervals 1 ft. from bottom 40 p.s.i. 
at 15-ft. centres 
Celgar Ltd. 1/32 in. _ 40-ft. 600’ 1-1.5 in. 125 c.f. per 15-20 ft. Reference #20, 
B.C. intervals 2000’ of 34 in. min. 2-acre pond free 
of ice 
Vernon Lake Narrows, 1/16 in. 10-ft. 1.5 in. across Reference #21 
Ont. intervals 800-ft. channel ' 


200-ft. strip kept 
open 





Kaministiquia River, 
Ft: William, Ont. 


114-11% in., 2000 ft. 
anchored 1 ft. 
from bottom 


Reference #12, 
open water approx. 
400 ft. x 15 ft. 
throughout winter 





Slave Falls, 
Manitoba 





1.5 in. iron pipe 
at 14 ft. along 
1200-ft. dam 


Reference #12 











Mid-Finland District, 0.8 mm 3-3.5 114-in. steel pipe compressors Reference #22,, 
Finland metres also 34 in. at both banks area 15 metres by 
plastic hose of river 15 metres opened 

Finland 0.75 in. 3.5 metres Note: A 170-metre channel with an ice cover 60-70 cm 


thick required 43 compressor hours and 75 man 


hours to melt. 


Reference #23 





Safe Harbour, 
Maine - 





114 


200 c.f. per 
min. 


1-114 steel pipe 
1000 ft. 


50 ft. Reference #24 
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Ice Prevention by Air Bubbling—continued 
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: : Fig. 10. Dependence of melted ice on depth 
of the hose. Although this one example is National Research Council of Canada, and of nozzle under various conditions.?* 
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holes might be larger than is commonly gebted to several members of the Division, !* — A. Pumas Fang and Compressed 
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Harbour Works in Fiji Islands 


Construction of New Berths and Slipways 


By W. M. S. HOUSTON 
Gammon (Malaya) Ltd. 


The necessity for improved harbour facilities in Viti Levu, the 
main island of the Fiji Islands group, has been apparent for many 
years. Due to lack of finance and delays caused by the war, how- 
ever, it was not until early 1958 that definite schemes prepared 
by Wilton and Bell, Consulting Engineers, London, were approved 
by the Fiji Government. Later in that year, due again to shortage 
of funds available, the plans were reduced to a less ambitious 
proposal. The final scheme was for a new deep water wharf at 
Lautoka, the second largest and expanding town in Viti Levu, 
which is situated in the north-west of the Island and is the centre 
of the sugar cane district; it had previously been served by a small 
timber jetty belonging to the Colonial Sugar Refining Company. 
Provision was also made for two slipways in Suva, the capital in 
the south-east of the Island, 160 miles away. Tenders were invited 
in June 1958 from twelve international firms and the bid of just 
over £1,900,00 from Christiani-Nielsen and Gammon Ltd., a joint 
venture of Christiani and Nielsen A/S, Copenhagen and Gammon 
(Malaya) Ltd., Singapore, was accepted in February 1959. 


Lautoka Wharf 


The new Lautoka wharf consists of one deep water berth with 
a depth of 34-ft. at low tide and three shallower berths for coastal 
shipping, with a 332-ft. x 132-ft. storage shed, customs offices, etc. 
The wharf has an area of 463-ft. x 263-ft. and is a reinforced con- 
crete structure supported by 1,344 hollow prestressed concrete 
piles of 23-in. and 30-in. diameter, in lengths of 72-ft. to 84-ft. It 
is situated approximately 1,500-ft. from the shore, close to the 





Lautoka Wharf, showing method of deck construction. 


old Colonial Sugar Refining Company’s timber jetty, and is con- 
nected by a 130-ft. concrete bridge to a mole built out from the 
land. This mole and twelve acres of reclamation, together with 
mooring dolphins, ancillary buildings, roads, services, preliminary 
site investigations and dredging were included in the Lautoka 
part of the Contract. 

Deep boreholes sunk as part of the Contract established that 
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the sea bed consisted of some 15-ft. of soft mud overlying cl. )s 
of increasing stiffness. The wharf was designed to withsta id 
earthquake and hurricane conditions, necessitating friction pi 2s 
at close centres. However, the borehole results were somew! at 
better than had been assumed in design and the Engine: rs 
accordingly revised their design with the pile grid opened out to 











30-in. prestressed concrete piles, Lautoka Wharf. 


15-ft. by 7-ft. 6-in. To cater for the earthquake bending moments 
a stronger pile section was consequently required. Several were 
considered including a hollow, prestressed concrete section pro- 
posed by Christiani and Nielsen. As adequate supplies of a suit- 
able aggregate were also then available, this design was adopted 
with highly successful results both technically and economically. 
The wharf deck is constructed of precast concrete beams and 
slabs set on pile muffs with in-situ main deck, thus saving the use 
of costly and slow soffit formwork. A flexible fendering system 
of Australian hardwood attached to rubber shear units was used; 
the mooring dolphins were also built on prestressed piles. Tu 
withstand earthquake shock and hurricanes, the storage sheds 
were made of high tensile structural steel with aluminium alloy 
cladding, and to give unobstructed stacking space a portal frame 
was used. 


The hollow prestressed concrete piles have 44-in. thick walls 
pretensioned with 64 No. 5 millimetre high tensile wires in the 
30-in. piles and 48 No. 5 millimetre high tensile wires in the 21-in. 
piles with }-in. diameter M.S. spirals. They were set up in rows 
of three per line, on steel base forms mounted on rubber packings 
with precast concrete rings at 8-ft. 2-in. centres into which left- 
in-place tubular hardboard forms were set. Wires were threaded 
between anchors through holes in the rings and external steel 
forms clamped to the rings and base forms. Stressing of all wires 
was done simultaneously by two 75-ton hydraulic jacks with 
electric pumps against a moving anchor which was held in place 
by four heavy screwed rods to heavy steel fixed anchors embedded 
in concrete blocks founded on timber piles; an over stress of 10° 
was given before final fixture. The concrete mix was a -in. 
maximum size aggregate well graded into three sizes, crushed 
from a very hard basalt in a crushing plant set up by the Con- 
tractor and using Japanese Ordinary Portland Cement; the wate: 
cement ratio was -44 giving a 14-in. slump and aggregate cement 
ratio 3-8. The concrete was mixed in cumflow paddle mixers and 
vibrated intensely by Wacker electric vibrators clamped to the 
external forms. Concrete strengths of 5,000 lbs. per sq. in. were 
achieved at four days when wires were released and piles removed 
from their beds; 28 day strengths averaged 8,000 Ibs. per sq. in 
The output of piles averaged 30 per week using 48 pile beds. The 
piles, which weighed up to 18 tons each were lifted at two points 
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Harbour Works in Fiji Islands—continued 


from their beds by special clamps handled by 10-ton chain blocks 
on movable gantries, lowered on to articulated bogies on 2-ft. 
track and hauled to the storage yard by diesel locos and thence 
to a loading gantry on a temporary jetty on to small pontoons into 


the extended pile to be driven two hours after splicing. Approxi- 
mately 15-ft. of soft mud was then excavated from inside the 
cofferdam using a Mammoth air pump and the material replaced 
by gravel and sand while at the same time gravel was dumped 

















(Left) Completed Lautoka Wharf showing North and West quays. 


the sea and towed half submerged to the pile rig. Piles were 
driven by an 8-ton single acting steam hammer fourteen days after 
casting, using a 100-ft. floating pile rig and all the driving was 
achieved in a period of about one year, reaching a maximum out- 
put of 16 piles driven per day. Steel formwork was used for all 
the precast work and much of the in-situ work in the lower plat- 
form on the perimeter of the wharf. Purpose-made gantries were 
designed and constructed for placing precast elements. The 
170,000 cu. yds. of dredging was carried out by a 38 R.B. with 
1} cu. yd. Priestman grab mounted on a 55-ft. x 35-ft. pontoon 
with two 100 cu. yd. hopper barges, the material being dumped 
at sea. The 200,000 cu. yds. of reclamation, moles and sea wall 
protection were carried out by sub-contractors. 

During the peak period 750 men were employed at Lautoka, 
mainly local Fijian and some Indian labour, supervised by British, 
Danish, New Zealand and Australian engineers and technicians. 
The wharf was completed in the contract time, was officially 
opened on March 13th, 1961 and was in immediate use, the first 
ship to berth on that date being the Union Steamship vessel 
“Matua.” 


New Slipways at Suva . 

Two slipways at Suva are being built, a 1,000 ton and a 500 ton 
on a very difficult site with 100-ft. of soft mud and 40-ft. of water 
at the seaward end. Slipway beams are founded on 354 No. 18-in. 
octagonal reinforced concrete piles in lengths up to 150-ft.; the 
piles over 75-ft. being spliced and redriven. It was decided to 
construct the slipways in the dry in two deep cofferdams at the 
seaward end joined to a shallow cofferdam closer to shore. 
Larssen No. 3 steel sheet piling in lengths up to 75-ft. were used, 
supported in the shallow 230-ft. x 130-ft. open cofferdam by ver- 
tical and raking timber piles with walings, and in the deep coffer- 
dams by walings supported by two frames. The design of the 
deep cofferdams presented many problems due to the nature and 
great depth of the soft mud in the seabed and these problems 
were finally solved by the design department of Christiani and 
Nielsen in Copenhagen. A staging with timber piles up to 90-ft. 
in length was first constructed for each slipway cofferdam, a pre- 
fabricated steel frame of very heavy construction was lowered and 
fixed into position by divers and a top frame of timber assembled 
just above high water level. Steel piles were driven in welded 
pars by drop hammer and No. 9 McKiernan Terry hammer from 
a “taging and from a floating rig against the frames. The con- 
cr te piles were then driven using a 100-ft. rig and a 6-ton single 
acing steam hammer off the staging. Splicing of piles longer 
thon 75-ft. was made by using “Artrite” resin compound enabling 


August, 1961 


(Right) Lifting 23-in. prestressed pile off bed on articulated bogies. 


from barges outside the cofferdam to assist stabilisation; dewater- 
ing then took place using two 4-in. diesel and two 6-in. electric 
pumps. After dewatering, only intermittent pumping with the 
4-in. pump was necessary, the clutches in the steel sheet piling 

eing sealed in the usual way with sawdust and ashes. Construc- 
tion of slipway beams, fixing rails, pall tracks, sheave blocks etc. 
then followed on and simultaneously construction of the haulage 
gear house and workshops proceeded and machinery was 
installed; the trial run of the machinery and slipway cradles was 
successfully made on March 17th, 1961. The cofferdams have 
been flooded and the steel piles are being extracted using the 
Lautoka floating rig by direct pull and a Zenith 120 extractor. The 
steel piles extracted are now being used to construct a Repair 
Quay adjoining the slipways. 

The majority of the labour was Fijian who had to be trained 
to the methods and techniques required for prestressed concrete 

















Suva Slipways, general view of work under construction. 


work. Pile driving crews were Indians from Malaya, experienced 
in similar work with Gammons in the Far East. Cement for the 
project was supplied by Sumitomo Shoji Kaisha Ltd., Tokyo, 
Japan, mild steel reinforcement also came from Japan, high tensile 
steel wire for the prestressed concrete work was supplied by 
British Ropes Ltd., high tensile structural steel by Dorman Long 


(Continued at foot of following page) 
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The Development of Rigid Boundary 


Open Channel Flow Formulae 





By ROLAND BERKELEY THORN, B.Sc., M.I.C.E., M.I.W.E., A.M.I.Struct.E. 





of the science of hydraulics, and it is perhaps not gener- 

ally recognised what an intractable subject hydraulics is 
and always has been. Compare, for example, the progress in 
geometry which enabled Euclid over 2,000 years ago to codify 
the subject in his Elements, with the progress in hydraulics to 
the beginning of the 17th century. Up to that time very little 
of real worth had been achieved. Even the Greeks had only 
been able to produce in an allied field Archimedes’ work on the 
elements of hydrostatics. So it was that Galileo Galilei was 
able to say “The movements of the Heavenly bodies despite 
their great distances from the earth have presented fewer diffi- 
culties to me than the movements of water which is within my 
reach.” 

Most of the standard text-books present no clear picture of 
the development of hydraulics. The subject is treated rigorously, 
but information that could help towards an understanding of 
its historical evolution is often misleading. Thus it it that one 
would search in vain among Bernoulli’s works for an explicit 
statement of the theorem that bears his name. The essence of 
his theorem was first formally proved by Euler and it was not 
. until the following century that it appeared in the form in which 
we now know it, in a text-book by Weisbach. 

It is only in recent years, largely as a result of the researches 
of Danel, Rouse and Ince’, that a clearer picture is beginning 
to emerge. The following account, which owes much to the 
historical investigations of the foregoing, is in outline the story 
of the development of rigid boundary open channel flow formule. 

In 1768 Chézy was deputed to design a canal to implement the 
supply of water to Paris. He reasoned that for uniform flow 
the resistance of the boundary of the channel must equal the 
action of gravity on the water. He argued in effect that the 
resistance was (i) proportional to the loss of momentum of water 
particles striking the boundary protuberances, proportional 
therefore to V, the velocity, and to the number of particles 
impinging, again proportional to V; and (ii) also proportional 
to the wetted perimeter, P. The gravitational force acting he 
took as proportional to the cross-sectional area of flow A and 


P “NHE study of the flow of water in open channels is part 
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and aluminium alloy cladding by British Aluminium Co. The 
Suva Slipways haulage gear was supplied by Head Wrightson. 
The Resident Engineer for Wilton and Bell was Mr. C. P. Ready 
and the Manager for Christiani-Nielsen and Gammon Mr. W. M. 
S. Houston. 


Future Development at Suva 


A scheme for the reconstruction of the 2,800-ft. Kings Wharf 
at Suva, a fifty years’ old timber structure now in poor shape, has 
been prepared by Messrs. Wilton and Bell and incorporates 30-in. 
diameter prestressed piles similar to those used on the Lautoka 
wharf and steel sheet piling retaining walls. 

The contract for this reconstruction has been awarded to the 
same group of contractors and the.construction which is 
scheduled to last 2} years started on the Ist May last. 
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to the slope S. From the foregoing he deduced that Md was 


constant and that therefore if V,, P,, A, and S, were known for 
a particular channel then V, could be calculated for the same 
channel if P,, A, and S, were known, 

If this ratio is equated to C? then the familiar expression 
V=CW/M.S may be derived, where M is the hydraulic mean 
depth A/P. There is no record that Chézy in fact ever put the 
expression in this actual form, but he was of course fully aware 
that the expression he had derived could be used to determine 
the velocity for any depth of flow and slope for the channel for 
which its value was known, or for any other channel having 
similar boundary roughness. 

The usual dynamical approach is to consider the flow per 
second; the gravitational component acting is then A.L.w.h/L= 
A.w.h, and the boundary resistance is k,.P.L.V*. Equating these 
and writing h/L as S the Chézy expression is obtained. 

Chézy did not publish his findings and it was not until 35 
years later that accounts of them were given by Girard and 
Prony. By that time however many hydraulicians believed that 
the flow was independent of the nature of the boundary surface. 
This idea was based on the assumption that the water in contact 
with the boundary formed a still layer over which the rest of 
the water flowed. That is, a condition similar to smooth 
boundary turbulent flow, which will be referred to later. As 
a consequence of this one finds flow expressions by Du Buat 
and Prony which do not contain a rugosity factor. 


In 1857 Darcy published the results of his pipe experiments in 
which he clearly demonstrated the effect of boundary roughness. 
During the last years of his life Darcy commenced an extensive 
investigation of open channel flow. After his death his work 
was continued by his assistant, Bazin. The channels tested 
were of different cross-sections, sizes and boundary materials, 
and from the results Bazin put forward an expression which 
gives a value for the coefficient C in the Chézy formula and which 
contains two coefficients (that vary only with the boundary 
material) and the hydraulic mean depth. C is of course dimen- 
sional, and Bazin showed it was not constant, but, for any 
given channel, varied as a function of the hydraulic mean depth. 

The Chézy expression is sometimes written in the form 
C, /g.M.S, where C, is non-dimensional but not constant. 

In 1869 the Swiss engineers Ganguillet and Kutter proposed 
a very complicated expression for C evolved from the data of 
several hundred experiments including 97 ®f Bazin’s. The 
expression included not only a rugosity coefficient and the 
hydraulic mean depth, but also the slope S. 

A year later, based on the results of a large number of experi- 
ments, Bazin put forward his now familiar expression for C (in 


157°6 
English units), 1 +N , N being a rugosity coefficient. 
vM 
In 1890 Manning published a Paper in which he showed tha 
tthe expression V=K,, R#.S! fitted available data better thai 
any other expression so far proposed. He did not however equate 
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Open Channel Flow Formulae—centinued 


K,, to 1°486 
N. 
value now given to it in the flow formula that bears his name. 
A few years earlier, analysis of Darcy’s pipe data by Reynolds 
revealed that when the loss of head is studied as a function of 
V, the exponent of V varies from 1-79 for the smoothest pipes 


(where Nx is Kutter’s rugosity coefficient), the 


to 2-0 for the roughest. Other experimenters’ data gave similar 
results. This variation in the exponent of V was the basic diffi- 
culty that faced investigators at this period. 

The next important step was also in the field of flow in pipes. 
The rugosity coefficient f which equals 2.g.D.S/V*, is commonly 
employed in pipe problems, and it can be simply shown that its 
value is such that Chézy’s C equals /8.g/f. Stanton’s and 
Pannell’s? investigations in England, and Blasius’s, independently, 
in Germany, in the second decade of the present century showed 
that if f is plotted against the Reynolds’ Number, R. (which 
equals V.D./v) the plotted points all lie on the same curve what- 
ever the fluid (Stanton, Pannell and Blasius experimented with 
water and air). This was probably the greatest single discovery 
in the history of the hydraulics of flow in conduits. 

The curve that results when log f is plotted against log R, 
comprises four main parts. The first part represents streamline, 
laminar flow when the loss of head is proportional to V. There 
is then an unstable zone that is followed by the second main part 
of the curve which represents smooth boundary turbulent flow 
in which the flow is independent of the surface roughness. In this 
stage the boundary surface protuberances are masked by the lam- 
inar boundary layer. From this second portion the third main por- 
tion of the curve, termed the transition stage, branches off and 
eventually becomes parallel to the R, axis at which point the 
fourth main part of the curve commences. This fourth part of the 
curve represents rough boundary fully developed turbulent flow 
where the loss of head is proportional to V*, and the laminar 
boundary layer no longer masks the surface protuberances. The 
rougher the boundary surface the sooner does the third part of 
the curve branch off from the second part. Stanton’s and Pannell’s 
work was limited to smooth boundary conditions; the rough 
boundary conditions were later investigated by Nikuradse, The 
f—R, curve provides the answer to the problem of the varying 
value of the exponent of V. 

For the moment, jumping, historically, some way ahead, 
Prandtl and von Karmfan* established by theory and experiment 
the following expression for smooth boundary turbulent flow in 
R..vVi 

2°51 
Later, Nikuradse’s work on artificially roughened pipes led to 


pipes, 1/ /f=2.log 


3°7.D 
the expression, 1//f=2.log for rough boundary turbu- 
( } 


lent flow, where K is a linear dimension, in general use taken as 
the equivalent protuberance height. 

The transition stage from smooth boundary turbulent flow to 
rough boundary turbulent flow, part three of the curve, was 
investigated by Colebrook and White*’ who put forward for it 

K 2°51 
3°7.D R..\ 
‘hat this expression reduces to the two previous expressions at 

1e two limits when either of the two terms within the bracket 

‘comes very small compared with the other. 

They first experimented with two grain sizes and several pat- 

‘ms of grains on the pipe surface. Uniform distribution of the 

naller sand grains gave a “depressed”’ transition similar to 

ikuradse’s results. A pattern of separate large grains gave a 

adually curving transition. Next a large collection of data on 

»mmercial pipes was analysed and with little scatter was found 

» follow transitions rather like the curve found in the case of 


the expression 1/ Vt=—210e| | It will be seen 
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large separate grains. 
transition formula. 
The importance of the foregoing in relation to open channel 
flow formule will later become evident. Reverting now to the 
first part of the 20th Century, the Swiss engineer Strickler‘ 
examined extensive data and found V proportional to S!, V pro- 
portional to M* and hence recommended a flow formula in the 
Manning form. Within close limits he found Manning’s K 


This experimental data confirmed their 


6 
where N, is Kutter’s rugosity 


K 


equal (in British units) to 


coefficient. 

In 1934 Allen*.’ showed that in a rectangular open channel 
the flow ceases to be streamline when R,, written in the form 
V.M/v, exceeds about 1,400. Thus 3-ft. depth of water at normal 
temperature flowing in a channel 100-ft. wide has a critical 
velocity of about 0-07 inches per second. 

In 1938 Keulegan* put forward theoretical expressions for 
smooth and rough boundary turbulent flow in open channels, and 
from a re-examination of Bazin’s data for rough channels 
obtained for this condition the expression 

1/ /f=1-60+2.log 2M/K. 

The hydraulic mean depth of a circular pipe is D/4. In 1943 
Allen* considered the case of fully turbulent flow in open chan- 
nels. He substituted D=4.M and f=8.g/C? in the Nikuradse 
expression for rough boundary turbulent flow and obtained the 
expression C=37-6+ 32-1.logM/K. His detailed analysis showed 
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that for a great variety of channels, including all earthen ones 
having any longitudinal slope likely to be found of importance 
in practice, and having any hydraulic mean depth between 9-in. 
and 10-ft., the average of the two values of C obtained from the 
, , __ 1°486.M2® 
formule of Bazin and Manning (whose value for C is N ) 
agreed with this expression within + 5 per cent. ‘ 
Lamont’®:'' calls the work on pipes of Prandtl, von Karman, 
Nikuradse, Colebrook and White, collectively the “Theory of 
Roughness”. In 1952 he prepared a report which is believed to 
be one of the most complete collections available of experimental 
records for pipes, and showed that these data are closely in 
accordance with the Theory of Roughness. Fig. 1 shows a loga- 
rithmic plot of f against R., based on the Theory of Roughness, 
for three pipes A, B, and C, of decreasing surface roughness. 
The expressions comprising the Theory of Roughness are not 
in forms that are very attractive to design engineers, and so 
Lamont prepared a nomographical chart for the solution of pipe 
flow problems. 
In 1956 Crump”, putting D=4.M and substituting the defined 
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2.g.8.D 
v2 
transition formula, obtained the expression: V=— / 32.M.S.g.log 
K 1°255. v 
Ez ~My/32.M.S.g 
brook-White formula, the smooth boundary turbulent and the 
rough boundary turbulent flow expressions appear as limiting 
cases when either of the two terms inside the bracket becomes 
negligibly small compared with the other. Thus by omitting 
the second term inside the bracket the rough boundary turbulent 
flow expression is produced; if this is written in the Chézy form 
the value for C given by Allen for these conditions is of course 
obtained. The expression for rough boundary turbulent flow first 
derived by omitting the second term inside the bracket corre- 
sponds with Keulegan’s results if the 14-8 is replaced by 12:3. 


In the usual case of known discharge and slope a trial and 
error process or the plotting of a stage/discharge curve is still 
necessary to arrive at a solution using this expression. Charts 
have been prepared by Ackers'*:'* for pipes and channels which 
make the solution very simple for the conditions they cover. 

Rouse has shown that the relationship, in British units, 
K} 6 
32°1 

These expressions for open channel flow produced in recent 
years in England and America have, basically, been developed 
from pipe flow investigations, But, for a given flow, the intensity 
of boundary shear is constant in the case of a pipe flowing full, 
whereas it varies from point to point on the perimeter of an open 
channel and is influenced by the shape of the channel. Hence 
at first sight it would appear that a form factor should be 
included in a rigorous flow formula for open channels. Again the 
relative roughness K/D has a clear significance in the case of 
circular pipes, each of which is geometrically a model of every 
other, and the value of this ratio is constant for a given pipe 
flowing full, whereas K/M for an open channel varies with depth 
of flow, and for a given cross-sectional area its value varies (with 
M) with different cross-sectional shapes. So it is that for rough 
boundary turbulent flow in open channels the f—R, curve does 
not become horizontal at high Reynolds Numbers unless a con- 
stant relative roughness is imposed. With increasing depth the 
channel becomes relatively smoother. In view of these apparent 
objections it is interesting to note that Allen’s investigations, 
and more recently Yassin’s'*, indicate that for practical design 
purposes M without the inclusion also of a form factor and K/M 
are adequate over a wide range of conditions of fully turbulent 
flow in open channels. 

Another criticism of the Colebrook-White-Crump expression 
is that it does not explicitly cater for various types of surface 
roughness. Morris’® has suggested three categories of rough- 
ness:—wake-interference flow, covering closely packed grains, 
like Nikuradse’s which cause mutual interference; quasi-smooth 
flow, where the roughness comprises negative protuberances, i.e., 
depressions in an essentially smooth surface; and isolated-rough- 
ness flow, where the protuberances are well separated. This 
latter category is the one into which most commercial pipe sur- 
faces fall. 

Morris’s theory assumes that the loss of head is mainly due 
in rough boundary turbulent flow, to the formation of wakes 
behind each protuberance, and hence the longitudinal spacing 
of the protuberances is of great importance. He has therefore 
three roughness measures, protuberance height and longitudinal 
and peripheral spacings. 

Very probably future progress in the development of conduit 
flow formule will fotlow the lines indicated by Morris’s work 


values of f= ‘and R,=V.D/v into the Colebrook-White 


] . As in the case of the original Cole- 


between N, and K is N, = 
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i.e., more detailed examination of the effects of different type 
of roughness. 

The engineer concerned with river improvement works wishe 
to know whether these developments in open channel flow form 
le will affect his design procedure. The difficulties to be face: 
in dealing with alluvial channels are immense. The boundar 
conditions, particularly the water-sediment complex in its 
vicinity, and the formation (ripple, dune, or otherwise) of th 
bed, bear little direct resemblance to the conditions existing wit! 
flow over the internal surfaces of commercial pipes. Side and bed 
boundary conditions also frequently differ radically. In addition 
shock is a major factor, i.e., loss due to ragged banks, changes i: 
cross-section, weed growth, and bends, the latter probably 
accounting for from one-quarter to three-quarters of the total 
resistance to flow in some rivers. 

From available river data it would be a simple matter to 
derive from the Colebrook-White-Crump equation equivalent 
protuberance heights for natural watercourses. Under such con- 
ditions the second term in the bracket would be neglected. S in 
the equation represents local slope, and strictly this would first 
have to be obtained by a suitable reduction of the gross slope 
to account for shock. Apart from false academic satisfaction it 
is very doubtful whether it would really be advantageous to 
employ the equation for such work rather than the more familiar 
Manning Formula, and Allen’s investigations referred to earlier 
support this view. It must be stressed that these comments refer 
to improvements of natural channels, no doubt there are many 
cases of artificial open channels, flumes, where the use of the 
equation would be preferable. 

Some specific mention should perhaps be made of natural 
open channels which at times of flood have active beds in soils 
that approximate to incoherent alluvium, although this subject 
is outside the intended scope of this article. With such channels 
it is important, in order to ensure reasonable year-to-year 
stability, to pay attention to the cross-section dimensions of 
width and depth, and the local channel slope. This forms the 
subject of Regime Theory and the first text-book on the subject 
has been ably written by Blench’®. 
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Hydraulics Research at Wallingford 








Abstracts from Annual Report for 1960° 





Details of the work undertaken during 1960 at the Hydraulics 
Research Station of the Department of Scientific and Industrial 
Research at Wallingford, appeared in their 13th annual report 
published recently. 

In his introduction, Mr. F. H. Allen the Director, briefly 
mentioned two investigations on which work has only recently 
commenced. One concerns a new harbour projected by the 
British Transport Commission at Port Talbot in South Wales to 
accommodate 60,000-ton ore carrying ships. The consultants 
responsible for the design of the harbour have requested a model 
investigation of possible designs to study residual wave effects 
within the harbour and the alignment of the unloading berths. 
The other concerns an investigation which is being conducted 
into the problem of siltation in the entrance to, and within the 
dock system of the Port of Avonmouth and also into the effect 
of reclaiming areas of land on the foreshore. A 1/600:1/72 
model of the Severn Estuary extending 2 miles downstream and 
34 miles upstream of Avonmouth, is now in operation. The 
construction of the model was preceded by the collection of data 
on current velocities and suspended loads in the field. 


Berthing of Tankers 


The report states than certain problems encountered during the 
berthing of tankers have been studied in model experiments. In 
the first experiment, the drag of a 32,000-ton tanker in a beam 
current was determined by dragging a model tanker through 
stationary water and measuring the force required to maintain 
its velocity. This work was carried out in a basin 120-ft. by 
80-ft., using two different models of the same ship; one to a scale 
of 1/60 and the other to a scale of 1/30. The results obtained 
showed that the drag in shallow water, over the speed range used, 
followed the normal square law, and that it was possible to 
express the drag on the tanker by evaluating the coefficient C,,. 
The smaller model was used to reproduce the situation of a ship 
moored in a wide channel; the drag coefficient C, under this 
condition was found to be 1-78. The larger model represented 
a Ship in a narrow channel, the coefficient C,, in this case being 
2:72; in both cases the depth of water was equivalent to 40-ft. 

In another set of tests, measurements were made of the im- 
pacts caused by tankers berthing beam-on against pairs of elastic 
fenders. Many different situations were reproduced, involving 
variations in depth from 36-ft. to 80-ft., in prototype velocity of 
impact from 3 in/sec to 18 in/sec, in the stiffness of the fenders, 
and in the position along the ship’s length where the first impact 
occurred. Other experiments were conducted in which the ship 
berthed beam-on in the presence of steady currents equivalent to 
| and 2 knots. The necessary elasticities of the fenders which, 
according to the specification of the test, had to be substantially 
constant over the working range, were reproduced by using long 
cantilever springs of an appropriate width and thickness. The 
springs, which were 22-in. long, were clamped rigidly and verti- 
ally above the point of impact. Deflections of the springs were 
measured by strain gauges mounted on both sides of the springs 
nd connected in a D.C. bridge circuit in such a way as to nullify 
he sensitivity of the gauges to temperature changes. The limit- 
ng speed of response of the pen-recorder was 50 cycles/sec, well 
‘bove the frequency of likely mechanical oscillations. The gear 
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used to accelerate the ship and maintain it at the desired speed 
consisted of wires, attached to the bow and stern of the ship, that 
could be wound in singly or together. The drum was powered 
by an accurately controlled variable-speed motor. The speed of 
impact and the subsequent behaviour of the ship were also 
recorded by a time-lapse camera taking photographs at the rate 
of 2 per second. 

A typical result is shown in Fig. 1 in prototype dimensions. It 
relates to conditions in which the ship struck a fender centrally 
and without rotation in 40-ft. of water. It can be seen that the 
energy imparted to the fender is very closely proportional to the 
kinetic energy of the ship, for different velocities of approach. 
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Fig. 1. Berthing of tankers. Variation of energy absorbed by fender 


with energy of ship (impact at centre of ship). 


Another aim of the experiments was to determine the value of 
the hydrodynamic mass associated with the berthed ship, and 
the parameters upon which this value depended. One of the 
more interested results which emerged from this aspect of the 
work was the dependence of the hydrodynamic mass on the stiff- 
ness of the fenders; the greater hydrodynamic mass is found when 
the ship berths against the more flexible or softer fenders. 


ESTUARIES 


Dealing with work which took place at various docks and 
estuaries, the report notes that further investigations were carried 
out by the Port of London Authority with the advice and direc- 
tion of the Hydraulics Research Station. The work on the 1/150 
scale model built to study schemes for improving the navigational 
conditions in the vicinity of the Tilbury Docks Western Entrance 
has now been completed. A satisfactory scheme of lead-in jetties 
was found which would enable ships 500-ft. long to enter the lock 
on the ebb tide. 


Tidal Basin at East India Dock 


The East India Dock is situated on the north bank of the River 
Thames on the outside of a sharp bend, 6-7 miles below London 
Bridge. Ships enter the dock via a small basin which is con- 
nected to the river by a 100-ft. lock, and to the dock by a 300-ft. 
lock. This arrangement has the serious disadvantage that when 
a ship of more than 100-ft. length is docked, it is necessary to 
wait until the basin water level and the river level are at the same 
height (at or near the time of high water) and then to open both 
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pairs of gates of the outer lock. Once in the basin the vessel 
passes through the inner lock into the dock in the normal manner. 
The dock is maintained at a level of 2-ft. above Trinity High 
Water. The reverse procedure is followed when a ship leaves 
the dock. 

As a solution to this problem, it has been suggested that the 
small outer lock should be removed entirely and a 200-ft. wide 
bellmouth constructed in its place. If this were done, the basin 
would become tidal. However, heavy siltation takes place in a 
somewhat similar tidal basin at Tilbury, situated 19 miles down- 
stream of the East India Dock entrance. During the second half 
of the flood tide, the steadily rising salinity of the estuary water 
just outside the entrance to this basin produces a density current 
which flows into the basin in the layers close to the bed. Since 
the concentration of suspended solids in the lower layers is very 
high, this current carries a large quantity of silt into the basin. 
There was thus reason to believe that a similar basin for the East 
India Dock might also require a great deal of maintenance dredg- 
ing, The model of the Thames Estuary (horizontal scale 1/600; 
vertical scale 1/120) was modified to include the suggested tidal 
basin and experiments made to study the problem, the natural 
salinity distribution being reproduced. 

These experiments indicated that if the basin were made tidal it 
would be subject to heavy siltation, particularly in the summer 
months; the amount of dredging required would probably be of 
the order of 100,000 cu. yd. per year. The rate of siltation (and 
hence the annual dredging programme) might be reduced if the 
fresh water and tidal discharges of Blow Creek were routed 
through the proposed basin. However, this would result in rapid 
siltation in the lower loop of the creek without a proportional 
decrease of siltation in the basin itself. It seemed, therefore, 
that the only feasible solution to the problem was to construct a 
larger lock at the mouth of the basin, and to provide means of 
impounding the dock and basin above the level of spring tides in 
order to prevent run-in. 


The Mersey Estuary 


The main problems being studied in this investigation are the 
siltation that has taken place generally in the Upper Estuary of 
the Mersey during the last 50 years and the local shoaling on the 
Garston and Bromborough Bars. The investigation has been 
made with the aid of two models (one of the upper estuary to 
scales of 1/550 and 1/60; and the other of Liverpool Bay to scales 
of 1/3200 and 1/120), and an extensive field investigation. 

One of the first steps was to determine whether the increased 
siltation in the estuary was the result of a natural cyclic change 
or some other cause. During the 19th century the Mersey 
estuary was more or less in regime, i.e. in a state of dynamic equi- 
librium. There were fluctuations in capacity of as much as 50 
million cu. yd. in 5 years, but these were fluctuations about a 
mean value; and during the 45 years 1861-1906 there was practic- 
ally no net change in the capacity of the estuary. During the 
next 45 years, however, a marked decline occurred, the loss in 
capacity amounting to 90 million cu. yd. This deterioration 
coincided with, and therefore seemed likely to be associated with, 
an increase in civil engineering work in the Bay and the Upper 
Estuary, including channel training and dredging, canal building, 
the construction of bridges and docks, revetting of banks and the 
diversion of tributary rivers and streams. 

When the effects of the works on the Upper Estuary of the 
Mersey were analysed at the Station, particular attention was 
paid to works that would have tended to stabilize the low-water 
channel upstream of Eastham, for when meandering is suppressed, 
the erosional process is also suppressed, resulting in a loss of 
cubature. The Upper Mersey Navigation Commissioners had 
surveyed the position of the low-water channel above Eastham 
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approximately once every month since 1867, and they kindly lent 
these records for analysis. Over 1,000 charts were registered and 
photographed, and used to make an animated cartoon film, which 
when projected at a suitable speed facilitated the task of deter- 
mining whether any particular pattern of changes occurred. 
Between 1867 and 1891, there were considerable variations in the 
position of the low-water channel in the compartment between 
Runcorn and Hale Head (see Fig. 2). For most of this time it 
was near the Cheshire bank, but about once in every two to five 
years it moved across to the Lancashire shore where it stayed for 
periods varying from three to eight months before returning 
again to the Cheshire side. 

After 1891, however, the picture changed completely; the low- 
water channel moved over to the Lancashire bank and it has 
remained there up to the present time. The most likely causes 
of this change are the major civil engineering works constructed 
in the area towards the end of the last century: the River Weaver 
diversion scheme, which was completed in 1896; the construction 
of the piers of the Runcorn transporter, completed in 1902; and 
the tipping of slag to form a hard inerodible embankment on the 
east side of the estuary immediately downstream of Runcorn 
(1891-96). All these works have tended to stabilize the low- 
water channel in the Runcorn compartment. 





The Mersey Estuary. Key plan of Upper Estuary and Liver- 
pool Bay showing deposit sites for dredgings. 


Fig. 2. 


The Water Pollution Research Laboratory, in an earlier investi- 
gation of the Mersey estuary, found that when the capacity of 
the estuary was deteriorating, the extent of the movements of the 
low-water channel, upstream of Eastham, was generally decreas- 
ing. It is probable that one of the reasons for this was the 
stabilizing of the low-water channel in the Runcorn compartment, 
and that this stabilizing is therefore one of the main reasons for 
the loss in capacity that has taken place in the Upper Estuary 
of the Mersey since 1906. 

In the next stage of the investigation a study Was made of the 
effects of the training of the sea channels in Liverpool Bay. 
Extensive experiments in the Liverpool Bay model showed that 
the construction of the training walls bordering the main sea 
channels in Liverpool Bay increased the flood and ebb velocities 
in the main navigation channel, so causing it to deepen. At the 
same time the region of net ebb drift was extended further sea- 
ward in the Queen’s Channel and a net flood drift was induced in 
the area behind the Great Burbo Banks. More material was 
brought up to the back of the West Crosby revetment than could 
be taken away by the ebb tide, so that shoaling took place behind 
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tue wall. Although these large topographical changes seem to 
have had little or no effect on the tidal propagation at the mouth 
of the Upper Estuary, they substantially altered the current 
patterns. 

The major part of the material that has to be dredged from the 
Upper Estuary enters from the sea, and it has been shown that 
among the factors causing this movement are the density currents 
which assist in the upstream movement of sediment in the layers 





D.S.1.R. Photo: Crown Copyright Reserved 
Fig. 3. A 1/200 scale model of the entrance to the Tees Estuary. 


close to the bed. The principal source of the sediment deposited 
in the Upper Estuary and in the sea channels is the area of sand 
banks behind the West Crosby revetment. The North Wales 
coast is not a major source of the material accreting in Liverpool 
Bay but the offshore areas contribute the main sources of supply. 

There is evidence that the material dredged in the Upper 
Estuary of the Mersey contains an increasing proportion of silt. 
This means that the dredged channels are becoming more difficult 
to maintain, since even a small proportion of silt hinders the use 
of suction dredgers. The investigation indicated that this pro- 
gressive increase in the silt content of the estuarine deposits is 
due partly to the fact that certain areas of the estuary are being 
dredged to depths in excess of the present equilibrium depths and 
that, in consequence, silt is depositing in the unnaturally deep 
channels as well as on the sand banks; and partly to the practice 
of dumping dredged material in Liverpool Bay whence the fine 
material returns more quickly than sand. 

Most of the silt dredged from the Upper Estuary is deposited 
at a site behind the Great Burbo Banks. Radioactive tracer 
experiments, together with current and suspended load observa- 
tions, showed that both sand and silt dumped at this site can be 
transported towards the Upper Estuary. The return of a high 
proportion of the silt from this deposit site has also contributed 
to the progressive build-up of fine material in the system. It has 
therefore been recommended that consideration be given to the 
practicability of pumping this material ashore into a suitable 
leposit site in order to remove it from the system. 

At the present time all dredgings from the sea channels are 
lumped at Jordan’s Spit. Field work carried out at this site 
thowed that the amount of material which might return from 
here to the estuary is small, but that conditions are such that 
the direction of the bed movement of sand would tend to be in 
he direction of the flood currents. However, these currents are 
much lower than those at the deposit site behind the Burbo 
3anks and the rate of movement is, therefore, also substantially 


August, 1961 


Hydraulics Research—continued 


lower. The evidence suggests that this site, although not ideal, 
is superior to the site behind the Burbo Banks as a dumping 
ground for dredged material, The amount of material dredged 
annually from Liverpool Bay and the Upper Estuary now amounts 
to approximately 19 million cu. yd. and it would undoubtedly 
benefit the system as a whole if all this material were dumped 
ashore, but this may prove to be impracticable. 

Most of the recent work carried out on the large mobile bed 
model of the Upper Estuary of the Mersey has been connected 
with the siltation problems at the Garston and Bromborough 
Bars. It was necessary as a first stage in the investigation to 
show that the model was capable of reproducing bed changes 
that have taken place in the prototype—the heavy siltation that 
is taking place on Bromborough Bar was chosen for these tests. 
During the tests the natural salinity distribution was reproduced 
and sand was injected in the Narrows to simulate the material 
entering the system from Liverpool Bay. Frequent surveys over 
the bar area showed that the bar did in fact silt up as in nature; 
and the siltation which occurs after dredging the bar was also 
reproduced satisfactorily. The model at this stage had thus been 
shown to be capable of reproducing tidal propagation through the 
system, the flow patterns and the bed movement. It could there- 
fore be used to predict the effects in nature of any works designed 
to increase depths in the existing channels. So far, tests have 
been made of training works intended to improve the depths over 
Bromborough Bar. It has been shown that local improvements 
could be achieved, but that such works might affect other parts 
of the estuary also; studies of these side effects are continuing. 

The model of Liverpool Bay which was used to study the influ- 
ence of the training walls in Liverpool Bay has also been used to 
assist in determining the likely long-term effects on the estuary as 
a whole of raising the walls a further 5-ft. and also to a height 
above H.W. level of spring tides. 


The Tees Estuary 

The Tees Conservancy Commissioners wish to increase the 
depths seawards of the entrance channel in the Tees Estuary 
from 25-ft. to 40-ft. below Low Water, and they intend to reclaim 
large areas of tidal foreshore inside the estuary. The Station has 
been asked by the Commissioners: 
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Fig. 4. Hong Kong Harbour. Key plan showing proposed future 
reclamation and alignment of proposed bridge. 


(1) to examine various methods by which the depths seawards 
of the entrance channel can be increased without excessive 
maintenance dredging; 

(2) to investigate the effects of reclamation inside the estuary on 
tidal heights and on depths in the river and entrance channel; 

(3) to consider various proposals for improving the deep water 
channel inside the estuary. 





123 








Hydraulics Research—continued 


A mobile-bed model, with scales of 1/200 and 1/60, was built 
in one of the large wave basins at the Station; a view of the model 
is shown in Fig. 3. In this model are reproduced the waves, the 
tides, and the currents caused by the interaction of the tidal 
currents in the North Sea with those in the estuary. The con- 
struction of the model was completed in July 1959 and experi- 
mental work was continued for about eight months, but early 
this year, work was interrupted so that a roof could be con- 
structed over the wave basin. 

The rate at which a dredged excavation filled up in the proto- 
type was compared with the rate at which a similar excavation 
filled up in the model; this gave an approximate scale for bed 
movement. Experiments were made to find the rate of dredging 
which would be required to maintain increased depths of up to 
40-ft. in a channel seawards of the river entrance and also to find 
the effect of extending the Southern Breakwater — when the 
breakwater was extended in the model the ebb current flowed 
strongly against it while the currents during the flood were dis- 
tributed evenly across the mouth of the estuary, and were much 
weaker than those on the ebb. Further tests on these proposals 
are now being carried out. 





D.S.I.R. Photo: Crown Copyright Reserved 
Mode! of a proposed bridge across Hong Kong Harbour. 


Fig. 5. 


A second model now being designed will be used to study the 
effects of reclamation works, and of various improvements to the 
channel inside the estuary. An extensive field survey has 
already been carried out by the Station’s survey team to provide 
information for the design and proving of the model and to 
investigate the general conditions in the estuary. Several large 
areas of sand between low water and high water have been sur- 
veyed, velocities have been observed, and samples of salinity and 
suspended solids taken at fourteen points in Tees Bay and in the 
estuary. 


Hong Kong Harbour 


Further investigation of flow conditions in Hong Kong Har- 
bour have been carried out. The harbour at Hong Kong lies 
between the mainland and Hong Kong Island, and is open to the 
sea at each end (Fig. 4), Extensive land reclamations have taken 
place in recent years, and further reclamation schemes and other 
works in the harbour area are proposed. The effects of these 
works on the tidal streams passing through the harbour are being 
studied with the aid of a 1/480: 1/60 tidal model, with special 
reference to navigational difficulties which might arise. 
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Work has continued on localized studies of the possible effec s 
of particular works on the flow in their immediate vicinity. 
revised design of a solid camber at Stage II of the Central Recl 
mations at Victoria City was tested on the model because it hz 
been found that the original design was likely to cause navig. - 
tional difficulties at Star Ferry Pier, where a three-minute fer, 
service is operated for as many as 100,000 passengers a day. 
The revised design of camber proved to be satisfactory, provide 1 
that the proposed new piers at Stage IV of the Central Reclam:- 
tions were built as planned. It was considered, however, that 
insanitary conditions would arise in the sheltered area formed 
by the solid camber due to sewage outfalls nearby, but further 
tests indicated that these insanitary conditions could be pre- 
vented by providing two openings of 30-ft. width in the camber, 
suitably sited. 

Tests were also made of a proposed reclamation along the 
Gloucester Road waterfront in the Wanchai area of Hong Kong. 
This reclamation extended about a mile along the shore and had 
a maximum width of 600-ft. Its effect on the tidal streams was 
shown to be negligible, and further tests showed that the size 
of the reclamation could be increased up a maximum width of 
900-ft. without any serious ill-effects either on the flow or on the 
velocity of the streams through the harbour. 

A proposed design of bridge across the harbour has also been 
investigated on the model (Fig. 5). This bridge would cross the 
harbour from Kowloon Peninsula to the typhoon shelter at 
Causeway Bay and would be about one mile long. The inter- 
mediate piers of the proposed design were unusually large in 
order to withstand the impact of a big ship adrift in a typhoon, 
and they caused an obstruction which amounted to 17 per cent 
of the cross-sectional area of the waterway. Tests showed that 
the piers would cause an increase in velocities of up to 0-4 knots 
but the flow was not otherwise adversely affected as regards 
navigation. 

Another type of proposed harbour crossing has also been 
studied on the model. This took the form of a tunnel, the roof 
of which would project above the bed of the harbour. The 
obstruction in the cross-sectional area of waterway was greater 
than in the case of the bridge piers, but only the lower layers 
of water would be primarily affected by it. The tests on this 
proposal are nearing completion. 

Reclamations which are proposed along the shore of Aldrich 
Bay presented another local problem investigated with the model. 
Of particular concern were increases in velocities which might 
occur at the entrances to the dry dock and the three slips of the 
shipyard on the west side of the bay. The tidal streams in the 
bay, as distinct from the main tidal streams through the harbour, 
are rotational, and in order to reproduce them the model was 
operated tidally as well as under set tidal flow conditions. It 
was confirmed that the proposed reclamations would have no 
significant effects on the flow, either at the shipyard or elsewhere. 


Tauranga Harbour 


Tauranga is situated in the North Island of New Zealand, in 
the Bay of Plenty. The harbour, which is well protected, is 
entered by a narrow entrance with depths of up to 110-ft. below 
low water datum, Depths in the sea channel approaching the 
entrance are, however, limited by a bar to 23-ft. below low wate: 
datum. If the harbour is to be developed to handle larger vessels 
the depths in the approach channel have to be improved. Some 
dredging has been carried out on the bar but it appears to bi 
impracticable to maintain greater depths by this method alone 
and some form of training will therefore be necessary. Twi 
models are to be built to study this problem. The first, which 
is at present under construction, is a rigid-bed model of the whole 
of the harbour, including the second entrance at Bowentown, t 
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a norizontal scale of 1/3000 and a vertical scale of 1/120. This 
model will be used to study the inter-relationship that is likely 
to exist between the two parts of the harbour, and to carry out 
preliminary tests on possible training schemes. A second much 
large model is to be built to a horizontal scale of 1/600 and a 
vertical scale of 1/60 and will reproduce the main part of the 
harbour and its approach channel. 


Breakwater for Aberdeen Harbour, Hong Kong 


The Public Works Department of Hong Kong proposes to 
construct a typhoon shelter in part of the Aberdeen Channel on 
the south side of Hong Kong Island, A model study has been 
carried out in which different cross-sections of the rubble break- 
water, by which the channel is to be protected, were tested in 
the 94-ft. Wave Channel at a scale of 1/30. 

The submitted design was found to be unstable in the face of 
the maximum waves likely to be encountered, particularly at low 
levels of the tide, and as larger, more stable rocks were not readily 
available, another means of ensuring a stable profile was sought. 
It was achieved by flattening the profile and by moving some 
categories of smaller rocks to less exposed parts of the break- 
water. The profile between levels C.D. —12-ft. and C.D. was 


Modern Cargo Handling in British Ports 


by A. J. M. M. CRICHTON, Chairman, 
National Association of Port Employers. 


Since the end of World War II no question has been more 
often asked than “What are the ports doing to improve their 
efficiency?” The question is sometimes phrased another way— 
“What are the ports not doing?’’—because port and stevedoring 
organisations repeatedly have the spotlight of criticism focussed 
upon them. American and Continental ports and their achieve- 
ments have been held up as models of efficiency in handling 
methods and ship turn-round; our machines, our men and our 
mentalities are compared unfavourably with our counterparts 
on two continents. 


‘ 

While we in this country rely on ships (and the men who serve 
them, afloat and ashore) for our livelihood there will always be 
the dramatic appeal of “problems in shipping and troubles in 
dockland” when reported in the Press and no subject hits the 
headlines quicker. The deeply-rooted associations of the sea 
haunt the mind of every Britisher, whether or not he is acutely 
aware of the fact; it is right that they should, because ships and 
docks are not the vested interests of a few, but the business of 
all who live and work in this country. 


It is perhaps an overworked truism that time spent in port is 
idle and uneconomic time and the port authority, the stevedore, 
the master porter and the many other port-working units are 
only too conscious of it. Their problem is a common one, 
vecause the capital development costs of berths, sheds, cranes 
id machines make it uneconomic for ships to stay too long in 
one place. The question arises (yet again), what are the port 

id stevedoring organisations doing as their contribution to 

licker turn-round and more voyages; what to facilitate and 

eed the dispatch of exports and the easy reception of imports 

Our national characteristic of self-depreciation linked, I fear, 
\ ‘th inadequate information, has led many to believe that the 
‘ cilities for handling cargo in Great Britain remain as they 
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Reproduced from “British Shipping’, March 1960, by kind permission 
the Author and the General Council of British Shipping. 
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flattened from 1 in 2 to 1 in 3; while between C.D. and C.D. 
+20-ft., it was found rossible to steepen the profile from 1 in 2 
to 1 in 14. The upper and lower levels, limiting a region of 
smaller 5-10 cwt. rocks, were lowered by 8-ft. 

It was further found by experiment that the practice, said to 
be common in Hong Kong, of filling voids between large rocks 
on the face of the breakwater with selected smaller rocks did not 
add to the stability of the breakwater; rather the reverse was true. 
There was no serious overtopping of green water when the break- 
water was tested with waves up to 15-ft. high. 


Terminal Groyne Problem 

A model was constructed to study the accretion and erosion 
of beaches where the presence of groynes disturbs the normal 
process of littoral drift and, in particular, the erosion at the down- 
drift end of the groyne system (movement of material along the 
coast under the action of waves) The experiment was designed 
to measure the littoral drift along beaches with and without 
groynes, and it confirmed that the rate of growth of the scour 
hole, at the down-drift end of the system, was equal to the 
difference between the rates of littoral drift on beaches with and 
without groynes. 


were 25 years ago. No view could be more mistaken. There 
are newer and better sheds and cranes (if only because what was 
destroyed by enemy action has been replaced), fleets of fork-lift 
trucks, electric bogies, mobile cranes, mechanical shovels, con- 
veyor systems, bulk handling appliances and many other items 
of equipment quietly and efficiently introduced during the last 
15 years. These may not be the vaunted symbols of mechanical 
supremacy, but they are the result of progressive development 
over the years and the fruit of carefully husbanded financial 
resources, Many have had to wait the results of joint negotiat- 
ing machinery because of initial antagonism on the part of dock 
workers, whose traditional suspicion of new methods is well 
known and understood. Happily, this suspicion is now not so 
marked, the situation improving with a more enlightened atti- 
tude of the men’s union leaders. 


Approach to Mechanisation 

No country in the world handles a wider range of cargoes than 
the United Kingdom, and the temptation to mechanise for the 
sake of mechanisation has been resisted. The right objective 
is to introduce a machine for cargoes that lend themselves ideally 
to new concepts of dock working and while the result may not 
be thrillingly original it becomes the right tool for the job. A 
classic example of this is the mobile crane; we have become so 
used to it that there is something of the commonplace about it 
when compared with the glamour of squeeze-clamps and other 
variations on fork-lift techniques. The fact is the mobile crane 
is still pre-eminent on many jobs and, while it has been super- 
seded by other machines for certain operations, it still has a 
wide range of uses in docks installations in all ports of the 
country. 

One feature often overlooked is the special position the steve- 
dore and port operator have in the general scheme of things. 
They have to cater for many different types of ship handling a 
wide variety of cargoes and they have the constant problem of 
trying to be sufficiently flexible to have the right gear at the 
right time for each commodity. Each importer, each shipowner, 
views the efficiency of the port organisation entirely from the 
angle of his own business; the problem is to satisfy everybody 
all of the time and with the ups and downs of shipping, trade 
fluctuations, labour shortages, bunching of ships and the many 
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other ills that the port operator’s flesh is heir to, he is fortunate 
if he can satisfy a few of them all of the time. This difficulty 
can be summed up in the words of the manager of one large 
stevedoring organisation who was asked a direct question by 
the head of an American shipping line: “Are you satisfied you 
have enough mechanical equipment?” The answer is typical of 
many stevedores and port authorities—“Today there is not 
enough, last week we had too much, but tomorrow there'll be 
just enough.” 


Progress in Bulk Handling 


It is in the handling of bulk cargoes and specialised commodi- 
ties where the greatest degree of efficiency has been attained. In 
this sphere considerable advances have been made. Pneumatic 
elevation, powered conveyor-systems, improved grabbing devices 
straddle-carriers, etc., have all made their contribution in the 
speedy handling of bulk grain, sugar, copra, bananas, ores and 
timber and, properly geared up with disposal arrangements, 
exemplify the advantages of continuous flow from hold to de- 
livery or disposal areas. The bulk sugar installations in London 
and Liverpool are typical examples of new techniques in “grab- 
bing” in conjunction with conveying systems. 

The timber straddle carrier provides another example where 
a new concept of timber handling was made possible. In Man- 
chester, where the system was established in 1946, the quay 
reception facilities were quadrupled by harnessing up the 
straddle carriers with the discharging berths. This system per- 
mits of timber being dispersed from the ship’s side, simulta- 
neously with discharging, to points up to 500 yards away, thereby 
reducing congestion to a minimum and increasing the use of 
the actual water space up to four times the normal capacity. 

If the above remarks are viewed by soine with scepticism, an 
examination of the much increased tonnages handled by the 
country’s labour force recently, as compared with the totals a 
decade ago, provide a ready yardstick by which to assess whether 
there has been an advance in the use of modern cargo-handling 
appliances and methods in our ports. Indeed, the figures are 
striking. In 1948 the average strength of the labour register was 
76,111. The cargo handled totalled 56,560,000 tons. By 1959 
the average register had fallen to 69,788 and the tonnage handled 
had risen to 83,273,000. In both cases oil and coal and labour 
handling coal are excluded. With the best will in the world it 
would be asking a little too much to expect labour to have 
achieved this remarkable result by extra effort alone. 

The best examples of improved efficiency are naturally in 
evidence where modern techniques are employed both on the 
ship and on the quays. The modern ore carrier, with its box- 
like holds, when worked with mechanical trimmers—on the 
bulldozing principle—affords full scope to large capacity grabs 
and up-to-date quay cranes and transporters. 

The carriage of vegetable oils, such as palm, coconut and wood 
oils and of latex in specially constructed tanks in cargo ships and 
the pumping of these liquids direct to barge or installations 
ashore, are further excellent examples of the ship and the shore 
working in unison. 

It is with the predominating quantities of miscellaneous 
general cargo that, in spite of the dramatic increase in mechani- 
cal equipment, improved design of cranes and transit shed facili- 
ties, the problems are more difficult to solve. A considerable 
amount of ingenuity has been displayed in devising systems of 
mechanical handling of the dockside, but in many ships, when 
dealing with the actual stowage, the technique has not altered. 
It is fundamentally the same as it was generations ago and a 
point can be reached when the old cannot be matched up effi- 
ciently with the new. 

To mechanise inward cargo from the conventional stow 
requires more care and time in the ship’s hold, if safe and tidy 
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pallets are required for stowage in the transit shed alongsic >. 
Many port and stevedoring operators will argue that this m y 
slow down the speed of discharge, as it takes longer to stow 
regulation palletised units than it does to lay the cargo in t..e 
conventional rope slings. This is an example where the fist 
stage of a mechanisation process would retard discharging spe d 
in spite of the subsequent advantages in the shed alongside fur 
a better system of working and smoother operation in the eid 
process of delivery. 


“Direct” Discharge 


In Manchester, Bristol and other ports where substantial to.- 
nages of cargo are discharged from ship “direct” to railway 
trucks, pallets would only serve the purpose of cargo trays and 
unless the receiver is in a position to receive (and return) palleis, 
it would be a waste of time. Besides, such a system of direct trans- 
fer from ship to vehicle is in itself the best and most economical 
of any mechanised process. This is not to say that with “direct” 
discharge nothing has been altered; new cranes of bigger capa- 
city and high speed of operation have been introduced in most 
ports and in the last 12 years it has been estimated that 1,000 
new quay cranes have found their way, and their rightful place, 
into the ports of the country. In round figures this represents 
a capital outlay of £30,000,000 without counting the cost of 
ancillary and related works of quay strengthening, power lines, 
etc. 

What I have attempted to do in this article is to touch only on 
a few aspects of a very big problem. I could have assembled a 
most formidable list of equipment in operation in all the major 
ports and I am sure it would have been an impressive one, with 
the many and varied types of mechanical equipment available in 
our ports. It is not a question that can be answered by numbers; 
nor is it a problem for only the port authorities and stevedores to 
solve. To achieve the best results requires a comprehensive attack 
by shipowners, port operators, receivers, shippers and transport 
authorities. There is abundant evidence to support the view that 
the best all-round cargo handling systems apply where modern 
ship design fits in with modern methods of handling. Even more 
can be done by completing the whole series of cargo movement 
and speeding up on all phases, including the receiver’s or con- 
s5umer’s end. 


Use of Containers 

Containerisation is a good example of what might be possible 
in the future by co-ordinated thought and action. Some steam- 
ship companies are interested in the use of containers only so far 
as they help the ship in discharging and loading, but the full 
benefits of this system lie ultimately in the ability to pass them 
on intact through all phases of transportation, from the point of 
origin to destination. 

Finally, ports cannot exist and make progress if they rely only 
on their equipment and layout. This brings ‘sharply to the fore 
the need for a real understanding of human relationships with 
dock workers who, by the nature of their jobs, require a different 
approach and different treatment from that needed by factory 
workers and others who do their daiiy task ander the same and 
a regular roof. Pay has been recasualised, but the men’s work, 
by its character, is still subject to the varying influences which 
must affect all seaborne traffic, that is to say, the tides, the 
weather, the fluctuations of arrivals and departures and the ups 
and downs of business. It is often forgotten that the work of 
men engaged in our ports, in whatever capacity, is largely skilled 
work. One of the first objectives that must be aimed at if effi- 
ciency and productivity are to increase is to ensure that the 
men realise that they count as individuals and that their skills 
are appreciated. Such is likely to be the best basis for a furthe~ 
joint effort to achieve increased mechanisation. 


The Dock & Harbour Authority 














Oi- 
Nay 
and 
ets, 
ns- 
ical 
cr’ 
pa- 
ost 
000 
ice, 
nts 

of 


es, 


on 
la 
jor 
ith 

in 
Ts; 

to 
ick 
ort 
lat 
mM 
re 
nt 
yn- 


far 
ull 


of 


ly 








Depredation of Timber in Marine Construction 





IIl.—Physical and Biological Damage (other than by Marine Borers) 





By SHU-T’IEN LI, Ph.D., F. ASCE, M. PIANC 


continued from page 89 


In this section, biological damage to timber is considered with 
particular emphasis on the mechanisms of attack by plant and 
insect life as revealed by their characteristics, life cycles, habits 
and favourable environments; and a series of different types of 
physical damage is treated. 


Decay—Plant Life Attack 


Decay refers principally to disintegration of wood substance 
through the action of wood-destroying fungi. There are two 
stages of decay: (1) incipient decay, the early stage, characterized 
by brashness or brittleness, in which the disintegration has not 
proceeded far enough to perceptibly soften or otherwise impair 
the hardness of the wood; (2) typical or advanced decay, the 
stage in which the disintegration is readily recognised because 
the wood has become punky, soft and spongy, stringy, pitted, 
crumbly or ring-shaked. Pocket rot is an advanced decay 
appearing in the form of a hole, pocket, or area of soft rot 
usually surrounded by apparently sound wood. 

Any form of decay which is characterized by either a discolora- 
tion or a softening of the wood is synonymously called decay, 
dote, doze, or rot. While white rot which is common in soft 
woods has insignificant effect in the early stages, brown rot may 
be serious even during incipient decay. Brown rots destrey the 
cellulose of the cells of the wood which may become powdered 
in the fingers, but some white rots attack only the lignin. The 
term dry rot has been loosely applied to many types of decay, 
especially to that which, when in an advanced stage, permits the 
wood to be easily crushed to a dry powder. The term is actually 
a misnomer for any decay, since all fungi require considerable 
moisture for growth. Dry rot may occur in wood members of 
the superstructure of wharves. 

Wood-destroying fungi are low forms of plant life. They 
have no leaves, flowers, or green colcur, and reproduce by 
means of spores. They consist, for the most part, of very fine, 
thread-like filaments that penetrate, and develop within the 
wood in all directions, At maturity, they produce fruit bodies 
on the surface appearing, only at an advanced stage of decay, 
in the form of mushrooms, shelves, or encrustations which shed 
clouds of dust-fine spores. 

These spores are scattered by air, infect any wood which has 
the favourable conditions for their growth; or lie dormant in 
wood for years and spring to life when changed conditions are 
favourable to their growth. Spores commence tubular growth, 
penetrate the wood tissues, feed upon and destroy them. 

As substances in the wood constituting the food of fungi 
re dissolved, the wood structure is broken down until it be- 
comes rotten. Farmer’s Bulletin No. 744 of U.S. Department 
of Agriculture contains the following authoritative statements: 

“The four requirements for the growth of fungi are moisture, 
ir, a favourable temperature, and food. A damp condition of 
he wood is most favourable to decay. Wood can be either 

) wet or so dry that the fungi cannot live in it. When sub- 
ierged in water, wood has been known to last hundreds of 
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years, and in perfectly dry situations it will last indefinitely. 
Wood in contact with damp ground usually contains the right 
amount of moisture for the development of decay. 

“There are very few places where the fungus cannot get air 
enough for its needs. When wood is buried deep in the ground, 
especially in compact or clayey soil, it tends to become satu- 
rated with moisture, so that decay is prevented; but within 2 
or 3 feet of the surface there is usually enough air for the 
growth of the fungus. Conditions are most favourable just at 
the surface of the ground. Above this line moisture conditions 
are less favourable, and below it the air supply is less favourable 
for the rapid development of decay. In loose or sandy soils 
which under good drainage contain more air than compact soils, 
decay may extend to the bottom of the post (or pile). 

“Wood destroying fungi cannot grow at very high or very 
low temperatures. The wood itself supplies the fourth require- 
ment of the fungi, which is food.” 

Any preventive measure of decay must, therefore, be based 
upon depriving the fungus of one or more of its four life require- 
ments This principle as most effectively applied in wood pre- 
servation consists of poisoning the food supply. 

Unless prevented, decay may progress so fast as to destroy 
the wood in only a few months, or when conditions are un- 
favourable it may remain unnoticeable for a long time. The 
heartwood of some woods is immune to decay for long periods. 
However, the heartwood of standing timber may contain decay 
which will develop later in piles as favourable conditions occur. 
Winter cutting of trees gives less opportunity for spore-infection. 
Insect Attack 

Two forms of insects that cause more destructive attack on 
timber piling and bulkheads are (1) termites, (2) beetles. 

(1) Termites, also called “white ants,” are pale-coloured social 
insects. The subterranean type of termites burrows through, 
attacks the wood from, and maintains contact with, the earth 
thereby deriving the required moisture to sustain life; while 
the dry-wood type of termites flies, attacks the wood directly, 
and can survive on air-dried wood with less-than-12-per cent. 
moisture. 

Cellulose in the wood constitutes the chief food of termites. 
They live in the wood, honeycomb inside the surface, and cannot 
be easily noticed from the outside. Though some perfectly sound 
wood may not be attacked and certain heartwood is very resist- 
ant, ordinary pines are not termite-resistant and hence require 
treatment for protection against termite attack. Termites gain 
entrance from cracks, enlarge them, bring in clay, and thus fur- 
ther serve as a medium for decay by facilitating the destructive 
actions of damp and fungi. 

(2) Beetles have biting mouth parts and hard front wings used 
to cover the membranous hind wings when these are folded. 
They vary in length from 1/16 to 14-in. long according to species 
and development. There are five comparatively more important 
beetles causing damage to piles and bulkheads above high water. 
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Depredation of Timber—continued 


They are (a) Ambrosia beetles, (b) powder-post beetles, (c) 
roundheaded borers, (d) flat-headed borers, and (e) European 
wharf borers, 

(a) Ambrosia beetles, also called pinhole borers because of 
making a hole about the size of a pinhead, bore in the adult 
stage through the bark into sapwood and even sometimes into 
heartwood, extending round galleries in all directions, pushing 
out white sawdustlike loose piles or stringlike masses, and caus- 
ing serious damage to piles above the tide level. 

(b) Powder-post beetles are hard-shelled insects, exceedingly 
destructive in both adult and larval stages, of whose species one 
causing significant damage in the Eastern United States is the 
redheaded shot-hole borer. The adults bore cylindrical tunnels 
around the wood just under the surface, lay eggs in cells, and 
produce loose whitish dust-like borings; while the larvae pene- 
trate into the pitch, destroying the wood and often reducing it to 
powder. 

(c) Roundheaded borers lay eggs on the bark surface, on the 
sapwood, and in crevices, slits, or pits. In the larvae stage, some 
cause damage by boring into the inner bark or outer sapwood, 
and others penetrate deeper into the sapwood and heartwood by 
making large oval tunnels. These larvae or grubs can riddle or 
perforate the wood in a few months, producing galleries up to 
$-in. wide by 2-ft. long and pushing out quantities of frass or 
packing it tightly behind them. 




















(U.S. Bureau of Entomology) 


Fig. 5 (a) (b) (c) 


(d) Flatheaded borers lay eggs singly or in a mass on the bark 
or in crevices. Young larvae or grubs mine the inner bark or 
wood into oval, tortuous wormholes, sometimes extending 
through the entire piece, widening them into resting cells, filling 
them with tightly packed frass, and communicating to the outside 
by short, oval exits for the emergence of new beetles. 

(e) Dutch wharf borers, or European wharf borers, have been 
introduced into many parts of North American coast, especially 
from Nova Scotia to Massachusetts, during the past two decades. 
The larvae of these beetles have done much damage to bulk- 
heads above high-water level by carrying with them spores of 
decay to damp tops of partly rotted piles, though they themselves 
cause only minor damage by boring or excavating long burrows 
in the wood. 

Organisms of fungi and insects may be present in the timber 
before it is used, may exist in the soil at the site, and may be 
brought to the site by contamination, wind, or current, or flow 
of water through porous strata at the site. 

Seasonal cutting at times of low activity of organisms is import- 
ant. Unfavourable conditions for organisms can also be created 
by proper seasoning. Though timbers used for wharf construc- 
tion are rarely used with bark, some beetles may have already 
bored through the bark and laid eggs inside or through cracks 
and crevices. Although eggs may be reduced by spraying repel- 
lent chemicals, creosoting is indispensable for controlling some 
powder-post and roundheaded borers. 
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PHYSICAL DAMAGE 
Damage other than biological includes all damage to timbet 
used for wharf construction, whose primary cause is physical 
though any of the biological attacks may enter as a secondary 
cause. The different types of damage are dealt with seriatim. 


Natural Damage 

Initially, timber is subject to defects of growth. Such defects, 
however, will be largely eliminated by selection, inspection, and 
rejection according to recognised specification suitable for marine 
work. Besides defects of growth, there exist other more import- 
ant natural damage which includes: (1) checking and cracking, 
(2) collapsing, (3) cross-breaking, (4) knotholing, and (5) shrink- 
age. All natural damage is primarily due to natural changes with- 
in the timber itself. 

(1) Checking and cracking manifest to a greater extent in the 
shrinking of deck lumber after flat sawing. In particular, check- 
ing is shown by lengthwise separation which usually extends 
across the rings of annual growth, commonly resulting from the 
stresses set up in wood during seasoning. 

(2) Collapsing is shown by the flattening of single cells or rows 
of cells in heartwood usually during the drying, or sometimes 
during pressure treatment, of wood, characterized externally by 
a caved-in or corrugated appearance. 

(3) Cross-breaking manifests as a separation of the wood cells 
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Adult termites 
showing distinctive fea- 
tures; (a) Winged sexual, 
or reproductive; (b) 
Worker, sterile; (c) Soldier, 
sterile. 


Fig. _ 5. 


Fig. 6. Interior honey- 
combing by termite attack 
as revealed by removing 
‘the outer surface. 











Fig. 6. 


across the grain, usually due to internal stresses resulting from 
non-uniform longitudinal shrinkage. 

(4) Knotholing produces voids by the dropping of knots from 
the wood, in which they were originally embedded, thus reducing 
strength at the cross section where knothole occurs. 

(5) Shrinkage is more in hardwoods than in softwoods, and 
takes place most in the tangential direction, comparatively less 
in the radial direction, and least in the longitudinal direction, 
thus producing, in addition, differential shrinkage which has 
damaging effects. 


Physico-Chemical Damage 

Physico-chemical damage is the result of naturdl effects on tim- 
ber from external causes such as (1) absorption or moisture, (2) 
exposure to light, (3) weathering, and (4) alternate wetting and 
drying. 

(1) Absorption of moisture decreases the streugth and elastic 
properties of timber due to increase in moisture content, pro- 
duces the opposite effect to shrinkage, and may cause consider- 
able damage if unchecked by expansion joints in wood block 
pavement over the deck. A 40-ft. wide roadway has been ob- 
served to expand 8-in. in rainy weather. 

(2) Exposure to light is sometimes accompanied by changes in 
tint and weakening of timber fibres in some species. 

(3) Weathering gradually causes deterioration of timber, and 
such deterioration is considerably accelerated by chemically-pol- 
luted air. 

(4) Alternate wetting and drying causes alternate swelling and 
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Depredation of Timber— continued 


sirinking which hastens deterioration, especially in salt water 
or Salt-water-spray environment. 


Physical Damage 


Specific physical damage can be associated with (1) meteo- 
physical, (2) hydro-physical, and (3) hydraulic phenomena. 

(1) Meteo-physical damage chiefly results from the effects of 
violent wind storms, cyclones or tornados, hurricanes or tropi- 
cal cyclones, or typhoons, either directly on the super- and sub- 
structures of wharves, or indirectly through the impact, ranging, 
and swaying actions of berthed ships. 

(2) Hydro-physical effects may be beneficial or adverse. At 
estuaries or river mouths, seasonal high flood stages decrease 
salinity and hence reduce marine-borer attack, while unusual 
high tides increase salt-water immersion and borer attack. 
Unseen hydro-subterranean damage may happen as a result of 
unexpected lowering of ground-water level which leaves the 
upper parts of untreated timber piles to decay. In the Brooklyn, 
N.Y. Navy Yard, buildings which had been standing safely for 
4 decades began to settle on account of decay of untreated 
wooden foundation piles below the original ground-water level 
which had been materially lowered by pumping from under- 
ground galleries in the western end of Long Island. This had 
been going on at an increasing rate to meet industrial and domes- 
tic demands. In some areas of the yard the ground-water level 
was below tide level, but inflow of salt water was prevented by 
the mud cover on the shore. 

(3) Hydraulic damage may occur in three ways: (a) hydro- 
static, (b) hydrokinetic, or (c) hydrodynamic. 

(a) Hydrostatic damage is manifest in flotation of docks and 
wharves during highest water level without superimposed live 
load, or in instability when violent winds act under like condi- 
tions, unless suitable provision has been made, especially in the 
case of pile jetties deriving their main support from point bear- 
ing. 

(b) Hydrokinetic damage resutss from the effects of currents, 
their erosive and undermining actions, at, just above, and below 
the bed level, together with wearing effects of pebbles and coarse 
sand carried by the swift current of a stream; and the effects 
of driftwood, floating objects, and floating ice. 

(c) Hydrodynamic damage results primarily from progressive 
and standing waves, and seiches, either directly on the substruc- 
ture or indirectly dué to the action of berthed ships under like 
conditions; and secondarily from the promotion of decay and 
marine-borer attack facilitated by the salt-water spray. 


Geophysical Damage 

This is either (1) inevitable, or (2) avoidable. 

(1) Inevitable is due to “force de majeure” such as (a) seismic 
forces of earth tremors, (b) subsidence of earth’s crust, or (c) 
landslides and avalanches in the case of wharves located near 
unstable cliffs. 

(2) Avoidable is (a) caused by uplifting due to driving of adja- 
cent piles, which may be avoided by using larger and longer piles 
at wider spacing; and (b) due to downward drag from friction of 
ettling earth dropping over soft pockets of the substratum, 
vhich may be avoided by thorough exploration and investigation 
before design. 


Mechanical Damage 

Generally, the more important mechanical damage is due to 
|) abrasion and grinding, (2) impact, and (3) pile handling and 
riving. 

(1) Abrasion and grinding occur over the exposed deck 
urface due to trucking, etc., and on the front face of fender 
iles and fender caps. Unless the wear endurance of its serviceable 
fe is much longer than that of pre-decay, there is no justification 
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to give treatment to deck timber. While minimising abrasion 
damage by a wear-resistant surface is one solution, the use of a 
material combining both abrasion and decay resistance, such as 
Greenheart, constitutes another. Greenheart is suitable for both 
decking and fendering. If fender piles of other timber are used 
behind “camels”, they must have their front face protected by 
a wear-resistant rubbing face or metal rubbing strips. 

(2) Impact damage may result in the fenders, in the dolphins, 
and even in the wharves, (a) due to the impact energy of an 
approaching ship, which is a function of her “effective mass” and 
“transverse berthing velocity” squared; and (b) due to the impact 
forces of ranging and swaying actions of a ship caused by winds, 
currents, and waves. 

(3) Pile handling and driving damage is due to (a) excessive 
stresses from improper handling of land piles; (b) excessive 
driving stresses, especially if the pile is not straight, or if its 
butt is not protected against splitting, or if its unprotected tip 
meets an obstruction while hard driving continues; and (c) des- 
tructive stresses imparted in the pile due to trying to bend it 
back after it has departed from the vertical. 


Damage to Treated Timber 


No preservative has been discovered thus far which provides 
positive permanent protection against al! marine borers. 
effective 
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Fig. 8. 
wharf borer, 


(a) Larva of European 
Nacerda. 
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(U.S. Bureau of Entomology) William F, Clapp) 


Fig. 8. (b) European wharf 
Fig. 7. Grubs of the flathead borer, Nacerda; the mature 
borer Chalcophora angul:collis. beetle. 


Teredos and other species of borers, is less effective against 
Limnoria, and gives only slight protection against Martesia even 
when properly applied in sufficient quantity. It therefore foliows 
that where marine borers are known to be active, or where the 
marine environment is favourable to the infestation of borers, 
only the best known materials and methods of preservative treat- 
ment should be used for wharf construction to reduce renewals 
to a minimum. 

In addition, treated timber used for wharf construction is 
liable to damage due to any of the following causes: 

(1) Physical damage during handling and driving. 

(2) Boring and cutting of piles not kept to a minimum, or 
below high water, thereby encouraging entry of marine borers. 

(3) Bolt holes, unavoidably made after treatment, not treated 
with creosote oil by means of an approved pressure bolt-hole 


treater. 
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(4) Cut surfaces not given proper special treatment; or pres- 
sure-creosoted piles exposed at the cutoff, as in the case of fen- 
der piles, dolphins, ferry slips, etc., without initial and periodic 
applications of hot creosote 

(5) Pile bents framed by cutting the pile heads to receive a 
pair of cap clamps instead of capped with single timbers. 

(6) Pairs of cap timbers capped into the piles instead of single 
timber caps. 

(7) Tops of cut-off pressure-creosoted piles to be capped, not 
thoroughly coated with hot creosote followed by a heavy coat of 
coal-tar pitch, nor placing heavy roofing paper or metallic cap 
before setting the timber cap. 

(8) Pressure-creosoted piles cut off above the ground-water 
level preparatory to receiving a foundation footing, not given 
heavy coats of hot creosote oil. 

(9) Piles subject to marine attack without maximum penetra- 
tion of creosote-coaltar solution, 

(10) Salt-treated timber not protected from weather. 


Fire Hazards 


Fire hazards may extend from the deck to a level below the 
lowest low water line and spread to the entire wharf, unless 
the structure is segregated into several units by firewalls or 
foulkheads and further protected, if necessary, by providing 
openings in the deck for foam nozzles. 

The resistance of timber in wharf construction above the 
lowest low water level depends very largely upon the general 
type of construction and to a considerable degree upon the design 
and details employed in each particular type. Basically, slow- 
burning heavy-timber wharf construction requires framing and 
deck of timber and plank in heavy solid masses having a minimum 
of surface and projections exposed to fire, so arranged that all 
parts can be easily reached by sprinklers or swept by hose 
streams. This basic principle applies equally well to both the 
timber wharf below, and transit sheds and warehouses of wood 
construction above, the deck. 

In particular, for heavy-timber superstructures above the deck, 
the mill-type construction, which was first perfected in New 
England and has been used generally in manufacturing centres 
throughout the United States, is well adapted. This type of 
construction under automatic sprinkler protection compares 
favourably with the so-called “fireproof construction” in terms 
of performance standards and consequently enjoys favourable 
insurance rates. Its slow-burning merit can be further increased 
by exterior masonry walls, fire-resistaiit partitions and interior 
walls, automatically closed doors and hatchways in case of fire, 
and fire-retardant ceilings over hazardous stock. 


Damage Due to Improper Design, Construction, Maintenance 
and Operation 


Everything else properly taken care of, observations have 
shown that more deterioration in timber components of wharf 
structures occur under the following conditions of: (1) improper 
design and construction, and (2) improper maintenance and 
operation. 

(1) Improper Design and Construction: 

(a) The use of the open-type timber wharves subjected to con- 
stant tidal exposure under the deck, when solid or closed type 
is economically feasible. 

(b) Locating lower bracing, other structural members, and 
fittings just above mean low water, when they can be raised 
above high water level. 

(c) Using sawn or cut shapes in place of round members of 
greater strength, higher resilience, and better flow characteristics; 
this is wasteful in material, labour and potential benefit. 

(d) Locating the deck framing within normal spray level rather 
than above it. 
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(e) The use of untreated timber piles, other than greenhear 
above the permanent ground-water level, neither encased in 
gunite armour nor properly sealed at the top. 

(f) Inadequate provision for tilting forces due to fixed derrick ; 
or revolving cranes. 

(g) Inadequate estimates of soil value or lack of proper adjus' 
ment during driving of piles, causing objectionable settlemen 
or material movement, initial or progressive. 

(h) Inadequate design as a whole, or uneven factor of safety 
in different parts and components of the structure, or insuff- 
cient lateral stability. 

(i) Insufficient provision for scouring, undermining, and future 
dredging. 

(j) Inadequate stipulation in construction specifications witn 
respect to quality of materials, workmanship, and methods of 
construction, 

(2) Improper Maintenance and Operation: 

(a) Lack of periodic applications of hot creosote to exposed 
cutoffs of pressure-creosoted fender piles, dolphins, ferry slips, 
etc. 

(b) Delay in the application of armoured encasement to 
damaged piles, 

(c) Lack of periodic inspection followed by remedial measures. 

(d) Non-removal of redundant untreated timber marine struc- 
tures—a favourable source of food for marine-borers. 

(e) Neglect to dispose of driftwood which may carry borers 
into locations previously free. 

(f) Inadequate regulations for handling inflammables. 

(g) Inadequate provision of fire extinguishing facilities and 
water pressure. 


Further Documentation 


Reference has been made to the author’s other reports and 


papers associated with the subject: 

1. “Relative Merits and Economics of Construction Materials Used 
in Waterfront Facilities’; AREA-Bulletin, Vol. 59, No. 539, 
November 1957, PP. 519, 523-526; Proc., AREA, Vol. 59, 1958, PP. 
519, 523-546, Discussion PP. 1159-1160. 

2. “Greenheart (Nectandra Rodioei)—Its Outstanding Merits, Proper- 
ties, and Economics in Waterfront Facilities’; AREA-Bulletin, Vol. 
61, No. 553, November 1959, PP. 311-330; Proc., AREA, Vol. 61. 
1960, PP. 311-330, Convention presentation and discussion, P. 1077. 

3. “Recommended Practice of Conducting Periodic Inspection and 
Maintaining Progressive Service Performance Records of Piling 
Materials Used in Waterfront Facilities’; AREA-Bulletin, Vol. 62, 
No. 560, November 1960, PP. 383-385; Proc., AREA, Vol. 62, 1961, 
PP. 383-385. 

4. “Mechanical Properties of Greenheart and Determination of Recom- 
mended Values for Marine Design”; AREA-Bulletin, Vol. 62, No. 
560, November 1960, PP. 386-393; Proc., AREA, Vol. 62, 1961, PP. 
386-393. 

5. “Energy Design Criteria for Fender Piling and Relative Merits of 
Different Materials”; AREA-Bulletin, Vol. 62, No. 560, November 
1960, PP. 394-406; Proc., AREA, Vol. 62, 1961, PP. 394-406. 

6. “Greenheart Timber has Long Service Record” (in Marine Use in 
Britain); ASCE, Civil Engineering, Vol. 31, No. 5, May 1961, P. 76. 

7. “Operative Energy Concept in Marine Fendering”’; Proc., ASCE, 
Vol. 87, No. WW3, Journal of Waterways and Harbors Division, 
August 1961, Part 1. 

8. “Azobe as A Construction Material, Its Merits, Uses and Limita- 
tions; Report to AREA; Publication in AREA-Bulletin, Vol. 63, 
No. 567, November 1961, pending. 








New Quay at Freetown 


It is reported from Freetown, Sierra Leone, that construction 
is expected to start within the next few months on a new lighte: 
quay, east of the present deep water berths at the Queen Eliza- 
beth II Quay. The scheme, which is estimated to cost £180,000, 
involves the construction of a 400-ft. quay wall across the ba\ 
formed by the existing rubble bank at the east end. The nev 
quay when completed will allow the berthing of five lighter: 
alongside at all tides, The area behind the wall will be reclaimed 
and developed into a handling and storage space for lightered 
cargoes. 
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New Oil Jetties at the Port of Hull 


At the present time petroleum imports at Hull are higher 
than ever before, and in the last five years have risen by no 
jess than 30 per cent. Larger and larger tankers are being built, 
and whilst the latest of these will have to use special new 
facilities in selected deep-water areas round the coast of the 
British Isles, the provision of deeper berths than hitherto is a 
feature of the British Transport Commission’s new jetties now 
nearing completion at Salt End at the east end of the Hull Docks 
system. 

In replacement of the No. 1 Jetty built of timber in 1914, a 
new jetty is being built in reinforced concrete reaching into the 
River Humber for 1,167-ft. and then branching into two for 
a further distance of 425-ft., with “T’ heads at the end of each 
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Ne2 JETTY HEAD 


Nel JETTY Head 


Plan of the new oil jetties 


Ne3 JETTY HEAD at the Port of Hull. 





Correspondence 


To the Editor of “The Rock and Harbour Authority.” 
Sir, 
“Why not abolish Tallying?” 

The ‘Poseidon’ article in your May issue and the ensuing 
correspondence certainly illustrates one trait—the quiet deter- 
mination to continue to put the cart before the horse, The 
concern is not, or should not be, with the propriety of tallying 
but with the anomalies of working which breed ineffectual tally- 
ing (and much else besides). Thus, ‘Via Media’ in your July 
issue observes, very reasonably, that tallying should be under- 
taken at the place and time where counting is simplest and error 
least likely 'to occur. The proposition would perhaps have 
carried more authority had he turned it round and said that 
operations should be conducted in such a way that a proper check 
of the goods can be exercised by those who are assuming res- 
pensibility for them. ‘Via Media’ goes on to say “How much 
simpler would it be if cargo were received ex land transport by 
» shipowner (or an agent responsible to him) and after being 
enveyed by sea were once again dealt with by him or his agent 

til delivered to land transport”. This is obviously intended as 

assertion and, as such, I greatly doubt whether anyone would 
iture to controvert with him. But he seems most despondent 
ut the prospects for this innovation although it must be 
hin the experience of many readers of this Journal that this 
Yy procedure is already a commonplace in many ports of the 
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Work in progress on the new oil jetties at Salt End, Hull. 


new stem, The jetty branching to the west will replace the 
existing No. | Jetty and the ‘T’ head will be 258-ft. long, cap- 
able of accommodating a large tanker or coaster. The east 
branch terminates in the new No. 3 ‘T’ head which is 396-ft. 
long and able to accommodate one ocean tanker or two coasters 
on the river face. This structure will also have berths for 
river tanker craft at the rear of the ‘T’ head. The new No. | 
and No. 3 Jetty berths wili be dredged to provide 36-ft. of water 
at M.L.W.S. and will be able to take tankers of 27,500 d.w. tons. 

The new jetties can carry a total of 57 oil, chemical and ser- 
vice pipes, and modern appliances are provided for the handling 
of flexible hoses to link the pipeline connections with the vessels’ 
own pumping gear. Oven £1,000,000 is being spent by the Com- 
mission on this project. 

The Consulting Engineers for the work are Coode and Part- 
ners and the main Contractors The Yorkshire Hennebique Con- 
tracting Co. Ltd. 


world, and is indeed the clue to their successful working. The 
state of the port transport industry in Britain can be attributed 
almost entirely to failure to understand this fact. Fortunately 
the cure is not difficult for slight organisational dispositions can 
release a whole series of changes, each small in itself, which can 
completely transform the industry. But until this is done not 
only is it impossible fairly to hold the balance between the 
affected interests but the very groundwork cannot be laid upon 
which technology might be expected to begin its task. Let us 
see how the present curious situation has arisen. 

In British shipping circles exaggerated respect has been paid 
to the carrier’s own limitation of his liability from the “reach 
of ship’s sling at one point to end of ship’s tackle at another 
point”—the bare minimum he must perform according to the 
contract of carriage under bills of lading—and port administra- 
tion has become dedicated to the remarkable proposition that 
since Mahomet will not come to the mountain, the mountain 
must therefore tumble over itself to go to Mahomet. Division 
of responsibility as between shipper and carrier has little con- 
sequence in this study. The concern is with the responsibility 
of each to the wharfinger. A public trust corporation in its 
capacity as a wharfinger can make its own arrangements for 
conducting its business, so long as they are not in excess of the 
statutory power or contrary to the general principles of law, 
though in all cases it must proceed by consent. The power of 
a public trust to engage in wharfingering is invariably permissive 
and the power to carry on business must necessarily include the 
power to do all that is incidental to that business. It may be 
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used, or not used, or used selectively. If the public trust elects 
not to provide wharfinger services itself, yet thinks—rightly— 
that some positive control is necessary, it can appoint, or it should 
be enabled to appoint, competent licensees to do what is re- 
quired, Of course it is not the least bit of good to appoint as 
licensees those who can do no more than perpetuate the same 
divided control which would exist if no such appointment were 
made, and where licensing is resorted to, the reasonable and 
practical course is to appoint the shipowner, or his agent. This 
is proceeding by regulation, by imposing certain conditions upon 
the shipowner who wishes to avail himself of a berth. 

Here we come back again to the question of “consent”. In the 
United States the shipowner on a nation-wide basis has accepted 
a broader interpretation ot his responsibility and his contract of 
carriage effectively extends to and from “point of rest”, a point 
which is not rigidly fixed but can be varied within suitable limits 
with the acquiescence of the cargo owner. In British shipping 
practice, no similar agreement has been obtained and with rare 
exception local agreement to that end has been prevented by the 
constituent sectional interests who have looked upon the 
scheme, variously, as being likely to provoke inordinate freight 
surcharge or, as calculated to prejudice the normal unilateral 
fixing of freight levels. In fairness, however, one might reflect 
that British and American shipping interests are inclined to view 
these matters in a somewhat different light by reason of the 
substantial operating subsidies which the latter enjoy. 


Eventually the cost of the terminal services as well as that of 
ocean freight is borne by cargo interests and there are obvious 
advantages in passing total charges, including those for free-time 
storage, to them in the simplest and most direct manner, by way 
of freight, all the more so since large economies and improved 
reliability can also be attained, by which shipowning and cargo 
interests both stand to gain. 


It is a matter for great regret that the British Ministry of 
Transport has not taken a lead in formulating a rational way of 
conducting these affairs within the scope of its own authority, 
for this would have opened a way to international consultation 
and possible agreement in an ambit which can manifestly be 
freed from political overtones. On the national plane alone it 
is of course essential that there should be more uniformity in 
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accounting processes, in establishing service lives, in the collec.- 
ing of appropriate statistics, with the object of evaluating te:- 
minal costs in a standard manner. This would enable shippe s 
the more readily to ascertain the cost of water transport aid 
to make accurate comparisons not only between land and wat.r 
transport costs but also between water costs through differei t 
ports. To do this obviously some general principle governiig 
the form of terminal operations has to be established which 
will provide the incentive to healthy growth. First and foremost 
is the need so to order things that the ocean carrier can make 
use of the public terminal facility in any way he would volun- 
tarily choose if he were in fact the owner or the lessee of that 
facility. For a more detailed discussion of this subject, however, 
reference might be made to the series of articles published by 
your Journal in September and October 1959. 


Maresfield, Sussex. Yours very truly, 
27th July, 1961. P.A.T.C. 


To the Editor of ** The Dock and Harbour Authority.” 
Dear Sir, 
The Europoort Scheme, Port of Rotterdam 


Fully admiring the considerable efforts made by our Dutch 
friends for the development of the Port of Rotterdam, details 
of which I have read with interest in your June Edition, kindly 
allow me to say that the “Sitala” was only able to enter the 
Europoort on March I1th, 1961, after having discharged part of 
her cargo in the Port of Havre, where it has been possible to 
accommodate fully-loaded 75,000 d.w.t. tankers since 1959. 

Furthermore, the aerial view which you publish shows that the 
waterline is far below the load-waterline. 

Nevertheless, I feel sure that the Europoort will very soon be 
able to receive fully-loaded vessels of such tonnage, but I take 
the liberty of giving you this small item of information just as 
an illustration of the French proverb: 

“One always has need of someone smaller than oneself.” 

(On a toujours besoin d’un plus petit que soi). 


Yours very truly, 
H. DESCHENES, 
Port Director. 


Port Autonome du Havre, 
26th July, 1961. 








Manufacturers’ Announcements 


Battery Electric Industrial Truck 


A high-lift platform truck for dual-purpose operation has been 
added to the Brush Electrical Engineering Company’s range of 
battery electric industrial trucks. Its push-button-controlled 
elevating platfrom, gives working heights from 1-ft. 7-in. to 4-ft. 
l-in.; low lift for carrying the load and high lift for transferring 
it at the appropriate height to waiting transport, workbench or 
machine. The platform is raised and lowered by a single-acting 
hydraulic ram with two lifting chains working over rollers 
attached to the ram head. As a safety measure, an automatic 
power cut-off to the truck drive comes into operation during 
lifting. 

A feature of the new truck, which is designed to carry loads 
of up to two tons, is its very low running cost—estimated at 
eightpence to a shilling for a normal working day. It has an 
overall length of 10-ft. 74-in., a platform size of 5-ft. 6-in. by 3-ft. 
6-in., a turning circle radius of 8-ft, 2}-in., and solid tyred wheels, 
18-in. by 5-in. to front, 18-in. by 7-in. to rear. 
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Navigation Lights for Pakistan Inland Waterways 


AGA dissolved acetylene lighting equipment has been chosen 
by the East Pakistan Inland Water Transport Authority for the 
first stage of a scheme to provide the inland waterways of East 
Pakistan with lighted aids to navigation. 

The initial order to a value of over £150,000 consists of 45 
lightbuoys, 29 shore beacons, and 350 portable beacons. The 
shore beacons have been designed so as to be capable of being 
dismantled and re-erected on a new site in the event of an altera- 
tion in the river’s course or eroding banks requiring the location 
of a beacon to be changed. The portable beacons weigh only 
14 cwts. and the normal practice is to suspend them from a simple 
tripod of bamboo poles. 


This contract was gained in the face of world-wide competition, 
and AGA dissolved acetylene equipment was chosen on account 
of its proven reliability, All the equipment with the exception of 
the buoy bodies, which are being constructed locally by the 
Karachi Shipyard and Engineering Works, is being manufacture: 
and supplied by the Gas Accumulator Company (United King 
dom) Limited, Brentford, through its representatives in Pakistar, 
the Pakistan Oxygen Limited, Karachi. 
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Cables for Hydraulics Research Station, Wallingford 


The newly built 242-ft. long Wave Basin Enclosure at the 
Hydraulics Research Station of the Department of Scientific and 
Industrial Research, Wallingford was specially designed to house 
two wave basins. Constructed of laminated soft-wood frames 
clad with cedar to a Swedish system which provides good struc- 
tural strength without the need of columns to support the roof— 
it is essential for the function of the basins that they be left 
unobstructed — the enclosure incorporates two large wooden 
spans of 114-ft. and 96-ft. in length. The two ends of the build- 
ing are completely glazed. 
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Model of a proposed new harbour being prepared for test at 
Hydraulics Research Station, Wallingford. 


The function of the wave basins is to study, on a model scale, 
problems such as those concerning harbour design, ship behaviour 
and the erosion of beaches and to provide remedies, and the main 
item of ancillary equipment used to achieve full-scale effects is a 
wave-making machine. 

Some 2,500 yds. of mineral insulated cables, manufactured and 
supplied by British Insulated Callender’s Cables Ltd., are used 
throughout the enclosure, twin-core being employed to wire the 
300-watt lamps, of which there are over 100, and three-core being 
used for the twenty-four 15-ampere watertight sockets, of which 
there are 12 in each*basin. Being fireproof, these cables are 
particularly suitable for installation in a building of wooden 
construction. 

Architect of the enclosure was O. P. Carver, A.R.I.B.A., Senior 
Architect at the Ministry of Works, which was responsible for 
the design and erection of the building. The electrical contractor 
was R. McEwan and Co. (Woking) Ltd., Surrey. 


Pedestrian Controlled Tug Unit 


A new battery-operated truck which will convert existing hand 
trucks into power-operated units has been manufactured and 
patented by The Griffiths (Lambeth) Engineering Co. Ltd., 
London, S.E.1. Known as the “Pedi-Power,” the new truck has 
been designed as a tug unit and is pedestrian controlled. 

Strongly constructed, the “Pedi-Power” is of 2,000 Ib. capacity 
and can be fitted to every existing type of truck, including semi- 
live stillages, pallet trucks, stackers, straddles, and to luggage and 
mail trucks used by railway authorities. A feature of its con- 
s'ruction is the fitting of two stabilized castors to the rear of the 
unit which enable it to pivot on the wheels of the truck it is 
‘ »wing and as a result give it a very close turning circle and also 

ake steering light and positive. Alternatively, when the unit 

driven independently, the castors are converted by a lever and 
tacome fixed on the wheels, and again give pin-point steering. 


August, 1961 
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The “Pedi-Power” is 23-in. high and 254-in. wide overall. All 
the controls, which are of the single “dead-man’s hand” type, 
are located on the steering handle at the front of the truck and a 
reversing switch provides two forward and two reverse speeds. 
The gearbox is completely enclosed and all the gears are carried 
on ball bearings. Maximum forward speed is approximately 3 
m.p.h, It has a 12-volt D.C. drive motor which is powered by 
D.P. Kathanode traction batteries supplied by The D.P. Battery 
Co, Ltd. of Bakewell, Derbyshire. 

The attachments to the “Pedi-Power” are manufactured to suit 
the size of the truck to be powered. There is also a standard 
hydraulic attachment suitable for semi-live stillages. 


Decca Marine Radar Progress 

During the opening of their new radar training school at Lam- 
beth Pier last month, Decca Radar Ltd. announced that total 
orders received for commercial marine radar reached 11,000 sets 
on 15th July. This is an outstanding achievement when it is 
considered that the world total of radar fitted merchant ships is 
currently estimated to be only about 22,000. True Motion radar, 
first introduced by the Company in 1956, has been ordered for 
over 850 ships, and River Radar has been ordered for over 500 
vessels, principally in Europe and North America. Decca Radar 
pioneered the use of River Radar for the navigation of the Rhine 
at night and in bad visibility and it is still virtually the only radar 
of its class in use. It has made a significant contribution on the 
important European waterways to the development of the push- 
tow technique, which has been so successfully employed for many 
years in the United States of America. 

The new radar training school has been transferred to Lambeth 
Pier from its old site at Scantlin Pier, Blackfriars where it has 
been in operation since 1950. The total number of men trained 











Pushboat fitted with Decca River Radar 


since then is over 4,300, including over 2,000 masters, deck officers 
and radio officers. The training courses normally occupy two 
days and provide masters and officers with operational training 
in the use of the type of radar fitted to their ships, and instruc- 
tion on general maintenance and fault finding. The school has 
three independent radar installations from the D.11 series, pro- 
viding training on 16-in., 12-in. and 9-in. displays with both True 
Motion and Relative Motion. Two lattice masts have been 
erected on the pier dolphins to carry the radar aerials. 

In addition to training facilities, the pier will also be the London 
berth of the Company’s two demonstration vessels m.y. “Navi- 
gator” and m.l. “Scanner.” 
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Manufacturers’ Announcements—continued 


Salvage Tug for the Port of Calcutta 


Simons-Lobnitz Ltd. of Renfrew have secured an order for 
£550,000 to build a twin-screw salvage tug for the Commissioners 
for the Port of Calcutta. This contract follows recent orders 
from Rangoon, Clyde Navigation Trust and the Suez Canal 
Authority and was achieved in the face of stiff European and 
Japanese competition, Altogether, during the past three months 
the Renfrew yard has secured orders to the value of £2} million 
by facing up to international competition and offering keen fixed 
prices with guaranteed delivery dates. 

The Calcutta salvage tug, which will be 220-ft. in length by 
40-ft. in width, will be powered by 2,200 I.H.P. engines with oil- 
fired water tube boilers. It is the fifth order secured from the 
Commissioners since 1945, the previous orders being for 3 


suction dredgers and a buoy lifting and despatch vessel. 


Regrinding Equipment Saves Dismantling of Crane 

The “in situ” regrinding of a 154-in. dia. vertical journal on a 
3-ton Butters Crane, by Nicol and Andrew (London) Ltd., has 
avoided costly dismantling and several weeks of lost time. 

Installed on the Thames side wharf of the White Sea and Baltic 
Co., Millwall, the crane was found, on removal of the mast, to 
have a badly grooved and corroded journal. Some 20-in. long, 
the journal is an integral part of the 21-ft. central column on 
which the crane traverses and the entire column is embedded 
in a concrete plinth measuring 7-ft. x 9-ft. x 9-ft. 

To have machined the journal in the orthodox manner would 
have entailed demolishing the concrete plinth, transporting the 
column to a machine shop and rebuilding the plinth once the 
machined column was in place. With the use of “Master-Hone” 
portable grinding equipment, Nicol and Andrew were able to 
complete the regrinding on site in a few days, with a stock 
removal of 0-70-in. to a tolerance of 00-15-in. 

This is the first repair to dockside cranage carried out with 
“Master-Hone” equipment. Its advantages for reconditioning 
of fixed-position cranes will be apparent to harbour authorities. 





CLASSIFIED ADVERTISEMENTS 


Rates 4s. per line (minimum 8s.); Box Number 2s. extra; Rate for 
single column inch is £2 per inch. Prepayment of classified 
advertisements is requested. Orders should be sent to Advertise- 
ment Department, “The Dock and Harbour Authority,” 19, 
Harcourt Street, London, W.l. Telephone: PAD 0077. 











FOR SALE 


DOCKSIDE DERRICK CRANE for sale, Monotower 140-ft. high, 130-ft. 
Jib, 7 ton at 100-ft. radius, 5 ton at 127-ft. 6-in. radius. New unused. 
Electric 400/440-v., 3-ph., 50-c. Lying London. RUSH & TOMPKINS 
3077 RUXLEY CORNER, FOOTSCRAY, KENT. Telephone: FOOtscray 


4,000 Ib. DIESEL FORKLIFT TI TRUCK, 2,000 Ib. ELECTRIC FORKLIFT 
UCK. Box No. 245, “Dock and Harbour Authority,” 19 Harcourt 
Sock London, W.1. 


SITUATION WANTED. 


CIVIL ENGINEER 
returning to England around September, October having completed a 
large harbour project 
SEEKS SUITABLE POST 

Deep Foundation Works, Dock Construction, Dredging etc., 

AS RESIDENT ENGINEER OR ENGINEER AGENT 
Write Box No. 244, “The Dock and Harbour Authority,” 19 Harcourt 
Street, London. W.1 








WANTED 


2/6,000 lb. FORKLIFT TRUCK, Diesel, Petrol or Electric. Box No. 247, 
“The Dock and Harbour Authority,” 19 Harcourt Street, London, W.1. 
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Handling Plant for Self-Unloading Vessel 


The General Electric Company Ltd. of England has recent y 
received an order worth approximately £125,000, for a materia .’ 
handling plant with a maximum unloading capacity of 2,000 to: 
per hour, to be installed in a self-unloading ship. The ord:r 
was received from William Hamilton and Co. Ltd. of Glasgow., 
who are building a vessel to operate in Canadian waters for North 
American owners. 

Coal, limestone and other bulk cargoes will be carried in four 
holds which are to be fitted with a number of pneumatically- 
operated gates through which the material will be discharged on 
to two 48-in. wide belt conveyors. These conveyors, disposed 
one on each side of the vessel, will take the material to the fore 
part of the ship where it will be collected by a 96-in. bucket 
elevator. The bucket elevator will lift the material through 
approximately 60-ft. to deck level, where it will be discharged 
through a chute, on to a 200-ft. long 60-in. wide boom conveyor 
which will be mounted on a turntable capable of slewing through 
120 degrees from either side of the centre line of the vessel. 
Slewing will be carried out by two of the ship’s winches. 

G.E.C. is also to supply all the associated electrical equipment, 
excluding cabling. 


Materials Handling Equipment (Great Britain) Ltd. 


It has been announced that Hunslet (Holdings) Ltd., Leeds, has 
acquired the whole of the Share Capital of Materials Handling 
Equipment (Great Britain) Limited of Maidenhead and London. 
The Hunslet Group is well known as a supplier of Locomotives, 
Textile Presses, and other specialised engineering products. 

Materials Handling Equipment Ltd., manufacture “ Kestrel” 
and “Falcon” side-operating fork lift carriers, and is also the sole 
concessionaire in the United Kingdom for the “Traveloader” 
heavy duty side-operating fork lift transporters, made by Otis 
Elevator Company of U.S.A., the “Lizard” electric side-operating 
reach trucks made by Albert Irion Nachfolger of West Germany 
and the “Valmet” super straddle carriers made by Valmet Oy 
of Finland. 


WILL PURCHASE: Good secondhand Plant and Engineering Equipment, 
including Cranes, Forklift Trucks, Machine Tools etc. Box No. 246, 
“Dock and Harbour Authority,” 19 Harcourt Street, London, W.1. 


TENDERS 
BOARD 


DUBLIN PORT AND DOCKS | 
SELF-PROPELLED SINGLE-SCREW HOPPER GRAB DREDGER 


The Dublin Port and Docks Board invites Tenders for the construction 
and delivery of a Self-Propelled Single-Screw Hopper Grab Dredger, to 
the following outline specification: 

Diesel propulsion; single screw; speed laden, 10 knots; single diesel 

driven grabbing crane to dredge to 55 feet below water level; hopper 

well capacity, 600 cu. yds. 
The dimensions will be of the order of: 

Length: 160 to 180 feet. 

Beam: 33 to 36 feet. 

Moulded depth: 12 to 14 feet. 
Specification and other Contract Documents can be obtained on the pay- 
ment of a deposit (returnable in the case of each bena fide Tender) of 
£100, from the Board’s Consulting Engineers—Sir Alexander Gibb and 
Partners, Queen Anne’s Lodge, Westminster, London, S.W.1, to whom all 
preliminary enquiries should be addressed. 
Tenders, in duplicate, shall be forwarded to: 

The Secretary, 

Dublin Port and Docks Board, 
19/21 Westmoreland Street, 
Dublin, 2, 
so as to be received by him on or before Ist November, 1961. 
The Board does not bind itself to accept the lowest or any Tender or t 
assign any reasons for non-acceptance of any Tender. 
J. P. MURPHY, 
Secretary. 














DUBLIN PORT AND DOCKS BOARD, 


The Dock & Harbour Authority 





